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Practical Mathematics: 


CONTAINING 


Vulgar and Decimal 
Fractions; the Extraction 


of the Square and Cube 


Roots; Multiplication of 
Feet, Inches, and Parts; 
the Menſuration of Super- 


ficies and Solids, and all 


Plain Geometry and Tri- 
gonometry, with their Ap- 
plication in meaſuring the 
Altitude of Objects and 
Diſtance of Places; Survey- 
ing; Spherical Geometry 
and Trigonometry; Aſtro- 


Sorts of Artificers Work. _ || nomy, and Dialling. 
WII 2 — | 
A plain Account of the Gregorian or New STYL E, ſettled by 


Act of Parliament; the Method of finding the Epact, 
Moon's Age, Tides, Ce. | 
With neceſſary T AB L E S: 
Particularly the Table calculated by the Right Honourable 
GEORGE Earl of Macclesfield, for finding Zaſter. 


TABLES of Logarithms, Sines, and Tangents; with their 
| Deſcription and Uſe. 


The Whole in a moſt eaſy and plain Method; deſigned for the Uſe 
of Schools, and the Benefit of Carpenters, Joyners, Bricklayers, 
and other Artificers, to whom the Practical Mathematics are of 
great and immediate Uſe. | 

To which are added, by Way of AryznvDrrx, 


Cycles of the primary Planets, never before publiſhed : With Mr. Whifon's Cycle 
for the Calculation of Solar Eclipſes without Parallaxes, 


By FOUYN POTTER. &_ 


I hawve peruſed Mr. Potter's Syſtem of Practical Mathematics, and 
eſteem it the moſt uſeful Book of the Kind ] have yet ſeen publiſhed. - 
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HE Practical Mathematics Being of great 
and general Uſe, I have endeavoured to form 
a. Syſtem ef them, particularly adapted for 
the Benefit of ſuch Perſons to whom they are of 
Service — in making the Connexion of the Parts the 
moſt natural and eaſy, and the Directions ſo dilint# 
and copious, as to be ſufficient to convey the Knows- 
ledge of any Part of the enſuing Treatiſe to ſuch 


who have not the Benefit of an Opportunity to be 
taught them, if they underſtand the Rules of Addi ; 


tion, Subtractiun, Multiplication, and Divifion, in 
Arithmetic. 


The common Rules of Arithmetic in whole Numbers 
being univerſally known, I have begun with Vulgar 


Fractions; where I have NE the moſt natural 
A and 


NAC. 

u eaſy Order, and given the Reader full and ample 
Directions how he is to manage this Part of Arith- 

metic. Then follow Decimal Fractions, f more 
Feneral Uſe, and a much more neat and elegant 
Method of Computation. The Doctrine of Decimal 
Fractions differs little from that of whole Numbers, 
except in the Article of Diviſion, the Rule for which 
JI Fav? copicuſiy explained in ſeveral Operations. 
Both Vulgar and Decimal Fractions oy their 2 
ticular Advantages. 


4 


| The Reader > Tee acquired the Knowledge of 
Vulgar and Decimal Fractions, the Extraction of 
the Square Root follows, an Operation but littie 
harder than common Divifion. - Then follows the Ex- 
traction of the Cube Root, by a Method which, I 
think, is the beſt I have. yet ſeen publiſhed. The 
Extraction of theſe Roots are illuſtrated by a great 


Variety of Examples, connected, for the Eaſe of the 
Learner, in a natural and eaſy Manner. I am 


obliged to Mr. Triplett, Teacher of the Mathematics 
at Kingſton, for his communicating to me the Rule 
for the Cube Root. 


Artificers, in computing their Work, may uſe 
either Decimal Fractions, or the Multiplication of 
Feet, Inches and Parts, by Feet, Inches and Parts; 
the laſt is moſtly uſed, and commonly called Croſs- 
Multiplication ; for which Mr. Triplett has liłe- 
| "4 been ſo. kind as to favour me with a new and 


a eaſy 


” 
— — 
—— 
2 
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eaſy Rule, and which the Reader will find ſufficiently 
illuſtrated by Examples. To this follows the Men- 
ſuration of Superficies and Solids, the Meaſuring 
Boards and Timber, the Explanation of the five 
regular or Platonic Bodies, the Deſcription und 
Uſe of the sliding-Rule, with a feu Queſtions: 10. 
exerciſe the Learner in the foregoing * N 


Theſe Things being Sara it abel flown g 6 
teach the Reader the meaſuring the Works of Cam- 
penters, Bricklayers, Joyners, Plaiſterers, Painters, 
Glagiers, Maſons, &c. which are particularly ex- 
plained ; and, in the difficult Parts, I have _ 
eme of the my eminent Surveyors. | 


Practical Geometry next follows, the uſeful Fe 
blems of which are here taught. To this ſucceeds the 
Uſe of Logarithms, that great Diſcovery in Ma- 
thematics, which does its noble Inventor immortal 
Honour. The Uſe of the Logarithms, with the Table. 
of Sines and Tangents, I have endeavoured to explain. 
in an ealy Manner. The Knowledge of theſe Tables; 
being acquired, the Reader is ſhown. their excellent. . 
Uſe in Plain Trigonometry, both right and obliquer. 
angled ; where there are particular Directions bow. 
to conſtruct the Figures and ſolve the Problems, "After. 
tins, the Doctrine of plain Triangles is, in the ſame 
ample Manner, applied to the meaſuring of acceſſible. 
and inaccſſible Heights and Diſtances. Then. follows 
foe Method of Surveying : Ang, to give the Reader 

| A 2 9 . 
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4 further Pleaſure, he is now ſhown the Conſtruction 
of the Line of Chords, Sines, Tangents and 


— 


In the Spherical Geometry I have attentively 
ſtudied the. moſt eaſy Order in connecting the ſeveral 
Problems of this Part of Science ; and, however new 
and different it may appear from the preceding Parts 
of the Book, I have taken ſuch particular Care in 
the. Direftions, that, I am perſuaded, the Con- 
firuftion of. theſe Problems will not be difficult to the 
Reader. In Spherical Trigonometry there are Di- 
rections how to conſtruct the Problems, and the Solu- 
tions fully explained by Lord Nepier's Catholic Pro- 
poſition. In the oblique Part of Spherical Trigo- 
nometry all Care was taken to render it as + in 
my be. 


By 45 7 moſt natural and eaſy Steps, i which 
every Thing that is ſuperfluous has been induſtriouſly 
avoided, is the Reader led to Aſtronomy, a Science 
which has its particular Charms. Here he will find 
4 Collection of the moſt uſeful and practical Problems; 
with ſome Idea of the Grandeur of the Solar Syſtem, 
in the Magnitude, Diſtances, and other Affections of 
the Planets ; and of the ſurpriſing Comet which ap- 
peared in 1680, and the intenſe Heat it ſuſtained in 
ts neareſt Approach to the Sun. After this follows 
Piallin 8. 1 


Then 
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Then the Explication of the Gregorian or New 
Style, with the Method of finding the Golden Num- 
ber, Epact, Age and Change of the Moon, Ge. 
follows. Yet the Reader may begin and learn theſe - 

firſt, or when be pleaſes, the Rules having no Con- 
nexion with any other Parts of the Book. 


The Appendix, containing the Cycles of the 
Planets, is 4 Diſcovery I made many Years fince ; 
and have here added it together with Mr. Whiſton ? 
Cycle for Eclipſes, as I thought it would be ac- 
ceptable to the Curious, 


T have 3 more to add, but that I do not ſee 
any Objection why an induſtrious Reader may not, 
by himſelf, acquire all the Knowledge of the ſeveral 
Parts of this Book ; the Directions and Inſiruftions 
are defigned for that Purpoſe, in regard to Indi- 
[7 viduals; and. the whole Collection to be a regular 
j Syftem for the Uſe of School. 
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Of the Notation of Vulgar Fraftians — — 2 
Reduction of Vulgar Fractions — — 4 
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Jo add ſimtle Fractions together — 
. compound and ſimple Fractions together 


Addition of Vulgar Fraftions —— — dia 


12 
13. — mixed Numbers and fimple Fractions together —— 1 
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compound 
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NMieigbis, Meaſures, and the like 37 
36. To reduce a Fraction to its loweſt Terms 


37. = a Fraftion of a lower Denomination to a Fraction of a 
| higher — 49 
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Of LVulear Fraftions. 


RITHMETIC is the Art of numbering. 
Every Thing, therefore, which may be numbered, 
is the Subject of Arithmetic. - Hence, not only 
Integers, or whole Things, but their ſeveral Parts, 
4 are brought into arithmetical Computation; ſince 
all Things are, or may be ſuppoſed, diviſible into any Number 

of equal Parts. 3s A, | ; 
Some Things are, for Convenience in Commerce, by 
Cuſtom divided into Parts, which have a particular Denomi- 
nation: As a Pound Sterling is divided into 20 Shillings, a 
Shilling into 12 Pence, and a Penny into 4 Farthings: A 
Foot is divided into Inches, and an Inch into _— and 
Half-Quarters; and the like of other Things. But it often 
happens, that Integers are divided into Parts, which have no 
particular Denomination, but are denominated only from the 
Number, by which the Integer is divided. Thus any Integer 
(as a Pound Sterling, for Example) may be ſuppoſed to be 
divided into 5, 13, 28, 57, or any other Number of equal Parts; 
which can only be denominated from the Number by. which 
the Integer is divided, and called a fifth, a thirteenth,” a 
twenty-eighth, a fifty-ſeyenth Part of a Pound, or whate 
ever is thus divided. Soto Fit) + "IT (90258 
1 - 'F. | In 


— 
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la arichmetical Calculations, it often happens, that Integers 
are divided into different Parts; and a Number of thoſe Parts 
are required to be taken, which generally are leſs than the 
Number of Parts into which the Integer is divided. Thus a 
Pound Sterling may be divided into 36 Parts, and it may be 
required to take 19 of thoſe Parts; which are called nineteen 
Thirty-ſixths of a Pound. Again, if a Pound Sterling, or any 
other Integer, be divided into 17 Parts, and 11 of thoſe Parts 
are required to be taken, this is called eleven Seventeenths of a 
Pound, or whatever elſe is ſuppoſed to be thus divided. Theſe 
are what are uſually called Fractions, or the fractional Parts of 
Things. But, as it is frequently neceſſary to bring thoſe 
fractional Parts into Calculations,,a Method has been invented 
to expreſs them in Figures: The Way of doing which is next 
to be ſhewn. 4 


Of the Notation Fractions, and their ſeveral Kinds. 


A Fraction, otherwiſe called a broken Number, is that by 
which the Parts of Things are expreſſed. Thus, if we were 
to expreſs three Farthings, a Farthing being the Fourth of a 
Penny, three Farthings ate three Fourths of a Penny; which 
muſt be wrote thus, 4. A vulgar Fraction always conrfiſts of 
two Parts, that is, two Numbers, ſet one over the other, 
with a Line drawn betwixt them. To expreſs any Number 
of Inches in Foot-Meaſure, as. ſeven Inches, you muſt put 
down 7, and 12 under it, with a Line betwixt, as ; which 
is to be read, ſeven Twelfths of a Foot, an Inch being the 
twelfth Part of arFoot. If a Foot, a Pound Sterling, or any 
other Thing, were to be divided into 100 equal Parts, in order 
to expreſs 32 of thoſe Parts by a Fraction, write them thus, 
1% that is, thirty-two Hundredth-Parts of a' Foot, Pound, 
or whatever was ſuppoſed to be divided. And the Number 
above the Line is called the Numerater, that below the Deno- 
mmator : Thus, in the Fraction above-mentioned, r, the 
7 is the Numerator, and the 12 the Denominator: So in 
this, , five Seventeenths, 5 is the Numerator, and 17 the 

nominator. 1 wi?” 

The Denominater is fo called, becauſe it denominates or 
ſhews into how many Parts the Integer is divided ; and the 
Numerator is ſo called, becauſe it fixes the Number of Parts 
ſignified by the Fraction: Thus, in the Fraction N, the 
 Denominator 100 ſhews that the Integer is divided * oo 

. arts; 
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Parts; and the Numerator 32 ſhews that 32 of thoſe Parts 
are ſignified by the Fraction, or to be taken for its Value, 
There ate two Sorts of Fractions common in Practice; 
namely, Vulgar, of which we are now treating; and 
Decimal, of which hereafter. | | 6 16 1 

Vulgar Fractions are of ſeveral Sorts ; that is, either proper 
or improper, ſimple or compound. A proper Fraction is that 
whoſe Numerator is leſs than the Denominator, as 4; & dz, 
or the like. A Fraction is called improper, when the Nume- 
rator is equal to, or greater than, the Denominator, as 2, 2, 
„ or the like. "Theſe are called improper Fractions, becauſe 
they contain the Whole of an Integer when 'the Numerator 
is equal to the Denominator, and more than an Integer when 
the Numerator is greater than the Denominator. ** 
A fimple or ſingle Fraction is that which has but one 
Numerator and one Denominator, as 3, or any of the 
Fractions above ſet down. A compound Fraction is that which 
hath more than one Numerator and Denominator, and hath 
the Word F interpoſed betwixt the ſeveral Parts of which it 
conſiſts: Thus 2 of + is a compound Fraftion, expreſling 
one Half of three Fourths of an Integer: So F of J of is a 
compound Fraction, ſignifying three Fourths of five Sevenths 
of two Ninths of an Integer, or whole Thing. Which Kind 
of Fractions are uſually called Fractiuons of Fraftions : Thus a 
Farthing is the one Fourth of a Penny, which is the one 
Twelfth of a Shilling, which is the one Twentieth of a Pound; 
and by FraQtions is wrote thus, 4 of Pr of 2g of a Pound 
Sterling. ; | 

Proper ſimple Fractions often ariſe ia Diviſion. of whole 
Numbers; for, when the Diviſor will not equally divide the 
Dividend, but there is a Remainder, this Remainder is the 
Numerator of a Fraction, whoſe Denominator is the Diviſor : 
This Fraction, annexed to the integral Part of the Quotient, 
gives the true Quotient of the Work. Thus, if 26 Pounds 
were to be divided among 3 Men, the Quotient will be 8; 
and there will be a Remainder of 2 Pounds; which, being 
placed over the Diviſor 3, makes the Fraction + of a Pound, 
to be annexed to the 8; ſo that the true Anſwer is 8 4 of a 
Pound, that is, 8 Pounds, and 2 of a Pound, for each Man. 
The third Part of a Pound being 6s. 8 d. two Thirds are 
135. 4d. ſo that the true Anſwer is $/. 13. 44. | 

When a Fraction is annexed to a whole Number, this is 
called a mixed Number. Thus, in the Example bove, 8 + 


is a mixed Number, 8 being the integral Part, and 5 the 
B 2 | fractional 


1 
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fractional Part; that is, it is 8 Pounds, and two Thirds of a 
Pound more. Alſo, if you would expreſs 18/. 155. it is to 
be wrote thus, 18 £5, or, which is the ſame, 18 4, that is, 
18 Pounds, and three Fourths of a Pound, which is 155. for, 
the + of a Pound being 55s. three Fourths will be 15s. This, 
therefore, is a mixed Number, 18 being the integral Part, 
and 28, or 4, the fractional Part. | wah 

Having ſhewn the Method of the Notation of Fractions, 
and the ſeveral Kinds, I proceed to | 


The Reduction of Vulgar Frafions. 


Article 1. To reduce a whole Number to an improper 
Fraction. | | 
Rule. Place the given whole Number as a Numerator, and 
under it 1, or Unity, tor a Denominator, 


Exam. 1. Exam. 2. Exam. 3. 
Reduce 8 to an im- Reduce 13 to an Reduce 5 to an im- 
proper Fraction. improper Fraction. proper Fraction. 


Anſwer +, Anſwer Anſwer J. 


Exam. 1. Under the 8, given to be reduced to an improper 
Fraction, place 1, with a Line drawn betwixt, which makes 
3. and is to be read, 8 Units, or 8 Wholes. The other 
Examples are done in the ſame Manner, and do not require 
Explanation. But it will be proper to obſerve, if a whole 
Number be given to be reduced to an improper FraQtion, 
whoſe Denominator is given, that, in ſuch Caſe, the Rule is, 
multiply the given Integer by ſuch aſſigned Denominator, and 
place the Product over the given Denominator ; fo will that be 
an improper Fraction, equal to the given whole Number. 


Exam. 4. Exam. 5. Exam. 6. 
Reduce 6 to an Reduce 8 to an Reduce 12 to an 
improper Fraction, improper Fraction, improper Fraction, 
whoſe Denomina- whoſe Denomina- whoſe Denomina- 


tor is 4. tor is 2. tor is 15. 
3 8 15 
ti 2 2 


— — 


24 Af . 16 Anf s 180 An, 1. 


Exam. 4. 


Reduction of Vulgar Fractions 5 
Exam. 4. The Integer 6 being given to be reduced 
to an improper Fraftion, whoſe Denominator ſhall be 4 ; 
multiply 6 by 4, the Product is 24; which placed over 4 
gives , equal to 6; as appears hereafter by the Rule for find- 
ing the Value of a Vulgar Fraction. 1 
Exam. 5. The Integer 8 being given to be reduced to an 
improper Fraction, whoſe Denominator is 2; multiply 8 by 
2, placing the Product 16 over the given Denominator 23 ſo is 
the improper Fraction ſought. _ 4 
Exam. 6. Multiply the given Integer 12 by the given 
Denominator 15 (or 15 by 12, which is the ſame); the 
Product 180 placed over 15 is , the improper Fraction 
ſought. | | | 


Article 2, To reduce a mixed Number to an improper 
Fraction. 

Rule. Multiply the integral Part of the mixed Number by 
the Denominator of the fractional Part, and then add to the 
Product the Numerator of the Fraction; this Sum is the new 
Numerator; under which place the Denominator in the 
given mixed Number, and this will be the Fraction ſought. 


Exam. 1. Exam. 2. Exam. 3. 


Reduce 10 £ to an Reduce 18 3 to an Reduce 3 4 to an 
improper Fraction. improper Fraction. improper Fraction. 


Integ. 10 18 3 
Mult. 5 4 3 
50 72 
Add 4 3 - 
Fy 54 Anſ,%. 75 Anſ. UM . 


Exam. 1. Multiply 10 by 5 the Denominator, and to the 
Product 50 add 4 the Numerator; the Sum 54 is the new 
Numerator, to be placed over 5 the Denominator of the 
given Fraction; ſo is? the Fraction ſought. 
Exam. 2. Multiply 18 by 4, and to the Product 72 add 
3; the Sum 75 placed over 4 gives , the Fraction ſought. 
The third Example is done in the ſame Manner. 


| Exam. 4. 
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[ Exam. 4. From, 33 Exam. 6. 
7 Reduce 13 L to an Reduce 97 4 to an Reduce 127 to an 
improper Fraction. improper Fraction. improper Fraction. 
_ oy; 
7 3 
91 291 
5 | 2 


96 Anſ. 293 Anſ. 3. 


l 3445 Anſ. 5“. 


4 Art. 3. To reduce compound Fractions to ſimple FraQtions, 
Rule. Multiply all the Numerators together for a new 

Numerator, and all the Denominators for a new Denominator ; 

the Product of the Numerators, being placed over the Product 


of the Denominators, will be the ſimple Fraction ſought. 
Exam. 1. | . Exam. 2. 
Reduce + of + to a ſimple Reduce + of r of d to a 
ration. | ſimple Fraction, 
| I 2 I 4 
3 4 1 12 
3 8 Anſ. 3. 1 48 
1 20 
b 


Exam. 1. The two Numbers x and 3 multiplied give 3 for 
the new Numerator z then multiply the two Denominators 
2 and 4, which makes 8, for the new Denominator ; ſo is 4 
the {imple Fraction ſought. | 

Exam. 2. The Numerators, being all Units, in multiplying 
produce I for the new Numerator. The Denominators 4, 12, 
and 20, multiplied together, give 960 for a new Denominator : 
Thus is 35, the Fraction ſought. 


2 . - * > * . « _ . 8 + y = = 
- , _ * = =» - ES, 47% l 5 
— > 
pl N my oy »..- i — * 
- oY 1 3 N OF WS. I. 
0 2 . y — 


A. 2 —  _ = — _ 


The 


Reduflion of Vulgar Fraftion. 7 
The following Examples are done in the ſame Manner. 


| Exam. 3. Exam. 4. 
A Reduce + of 5 to a ſimple Reduce 5 of + of r to a 
4 Fraction. 2 " ſimple Fraction. 
5 58) . 
3 5 4 3 
21 50 1 
| 6 13 
Et. 48 63 
101 9 — * 
273 Anſ. rr. 
| Exam, 5. 3 Exam. 6. 
Reduce 12 of 23 to a ſimple Reduce Ez of + of is to a 
tba; io ſimple Fraftion, 
43 66 5 5 12 
17 19 3 7 
301 594 15 84 
43 66 DES 12 | 
7 1254 Anf. r. 15 1008 * 
es 15 
11 Anal. rr 


Article 4. To reduce ſimple Fractions having different De- 
nominators to Fractions of the ſame Denominator. 
Rule. Multiply each Numerator into. all the Denominators 
its own; theſe Products are the new Numerators for 
each Fraction whoſe Numerator was ſo multiplied : "Then 
multiply all the Denominators together; this Product is the 
common Denominator to all the Fractions, 


Edam ti. :' * - © Bxam. 2. | 
Reduce = and + to Fraftions Reduce 4 and + to the ſame 
of the ſame Denominator. Denominator. 
3 4 P56, 6 
ext = 


Anſ. and 2. 10 12 15 Anſ. 4 and 53. 


Exam. 3. 


Reduce d and r and + to 


8 MAT HE MAT CS. 
Exam. 3. >. 
Reduce 3 and + and 4 to Fractions of the ſame Denominators. 
= POT $152 $5 | 
3 4 423 - 3 
9 8=:- 12 5 
5 5 4. 5 
oe 3 — — Anſwer 
45 40 48 60 >: and 38 and 43. 


Exam. 1. The Numerator 1 multiplied by the Denominator 
4 is 4, for a new Numerator to the Fraction +: The Nu- 
merator 3 multiplied by the Denominator 2 is 6, for the new 
Numeratar to the Fraction 4: Then the Denominator 2 
multiplied by the Denominator 4 is 8, for the common De- 
nominator to both the Fractions. | 

The ſecond Example is done in the ſame Manner. 

Exam. 3. The Numerator 3 multiplied by the Denominator 
3, and that Product by the Denominator 5, is 45, the new 
Numerator for the Fraction 1: The Numerator 2 multiplied 
by the Denominator 4, and that Product by the Denominator 
„ is 40, the new Numerator to the Fraction 4: Then the 
133 4 multiplied by the Denominator 3, and that 
Product by the other Denominator 4, is 48, the new Nu- 
merator to the Fraction +: Laſtly, multiply all the De- 
nominators together, and the Product is bo, the common 
Denominator ; which, being put under each of the Numera- 
tors before found, gives the Fractions 4.5, 42, and 33, equal 
to the given Fractions. 

The following Examples are done in the ſame Manner. 


Exam. 5. 


Reduce 1 and r to Fractions 
of the ſame Denominator. 


Exam. 4. 


Fractions of the ſame De- 


nominator. 

9 1 10 Io: td: add 
I2 10 12 12 „ 12 
108 70 60 120 33 108 156 

6 . 6 11 # 
648 420 600 720 143 


Anſ. +44 and 18. 


Article 


Anſ. 528 and 432 and 552. 


Reduction of Pulear Fraffions. = 


Article 5. To reduce compound FraQtions and 
Fractions to Fractions of the fame Denominator. 


ſimple 


Rule. Firſt reduce the compound Fraction to a fimple 


Fraction, by Art. 3 


; then reduce that and the given ſimple 


Fraction, to Fractions of the ſame Denominator, by Art. 4. 


N Exam. 1. 
Reduce 2 of and + to Frac- 
tions of the ſame Denomi- 


; Exam, 2. 
Reduce + of and + to Frac- 
tions of the ſame Denomi- 


nator, nator, | 
i 2 + ſimple Fraction 3 8 + compound Frac- 
3 4 for the com- 5 #7 tion reduced to 
. pound Frac- — — a ſimple Frac- 
3 8 tion. 15 56 tion. | 

3 and 4 to be reduced to the 4+ and 5 to be reduced to the 

ſame Denominator, ſame Denominator, 

3 $ 8 15 50 56 

dh — *. Anſwer * — NES. Anſwer - 

21 40 56 z and 33. 45 112 168 and 335. 


Exam. 1. The Numerators 1 and 3 of the compound 
Fraction multiplied together give 3, for a new Numerator; 
and the Denominators 2 and 4 multiplied together produce 
8, for a new Denominator; which reduces it to the ſimple 
Fraction 3, by Art. 3: Then the Numerator 3 of this new 
Fraction multiplied into the Denominator 7 of the given ſimple 
Fraction is 21, for a new Numerator to the Fraction 4 ; and 
the Numerator 5 multiplied into the Denominator 8 is 40, 
for the other new Numerator: Laſtly, the Denominators 8 
and 7 multiplied make 56, for the common Denominator; over 
which placing the Numerators before found, theſe are the two 
new Fractions ſought. p 

Exam. 2. Multiplying 3 and 5, the Numerators of the 
compound Fraction, the Product is 15; multiplying 7 and 8, 
the Denominators of the compound Fraction, the Product is 

6; and 45 is the ſimple Fraction: Hence the two fimple 

rations are 35 and 3. Now, 15 multiplied by 3 is 45, one 
of the new Numerators ; and 2 multiplied by 56 is 112, the 
other new Numerator ; and 56 multiplied by 3 is 168, the 
common Denominator : Hence % and 445 are the two new 
Fractions ſought. | h 


The two following Examples are done in the ſame Manner. 
| C Exam. 3. 
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" Exam. 3. Reduce 3 of + and 4 


to. Fractions of the ſame De- 
nomination, 5 


2 3 z ſimple Fraction 
1 2 for the com- 
— — pound Frac- 
2 6 tion. 
4x and 4 to be reduced to the 
ſame Denomination. 


25 5. 
8 
8 18 24 — and 44. 


Exam. 4. Reduce + and 3 of 


5 Fractions of the ſame 


enomination. 


2 3 Jr ſample Fraction 


4 5 for the com- 
— — pound Frac- 
1 tion. 
and f to be reduced to the 

ſame Denomination. 

7 a at 

. 
— — — Anſwer 


45 40 75 Jad 33. 


Article 6. To reduce mixed Numbers and ſimple Fractions 
to Fractions of the ſame Denomination. | 
Rule. Firſt reduce the mixed Number to an improper Frac- 
tion, by Art. 2; then reduce that improper Fraction and the 
given {imple Fraction to a common Denominator, by Art. 4. 


Exam. 1. Reduce 9 + and 2 


to the ſame Denominator. 

9 

5 ö d 
— +9 the mixed 
45 Number re- 

4 duced to an 
— Improper 
49 Fraction. 


47. and , to be reduced to 


the ſame Denominator. 

49 7 10 
10 5 5 
— 7 


Ex. 2. Reduce 7 2 and 3 4 and 


J to a common Denominator. 
7 3 
4 2 
28 . 6 Z 
3 I 
31 1 
Whence the two mixed Num- 


bers are reduced to the im- 
proper Fractions 37 and 2; 
which Fractions, and 2, are 
to be reduced to a common 
Denominator. 


. 
31 7 
- — 
62 28 


I 
uI 
tSl+53] vo 


1 
: 
* 
5 
ds 
E 
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Exam. 1. The Integer 9 multiplied by 5 the Denominator 
of the Fraction is 45; to which 4 the Numerator being added, 
is 49, for a new Numerator ; under which placing the De- 
nominator 5, the improper Fraction. is , by Art. 2. Then 
multiplying the Numerator 49 by the Denominator 10 of the 
given ſimple Fraction, the PreduQ is 490 ; and the Numerator 
7 multiplied by the Denominator 5 of the improper Fraction 

is 35; theſe are the new Numerators. Laſtly, the two 
minators 5 and 10 multiplied give 50 for the common 
Denominator. Whence 42? and 35 are the Fractions 
ſought. 
Exam. 2. The mixed Number 7 4 being reduced to the 
improper Fraftion , and the other mixed Number 3 2 to 2, 
by Art. 2; multiply the Numerator 31 into the two Deno- 
minators 2 and 7, which makes 434, for a new Numerator 
to the Fraction ; and the Numerator 7 multiplied into the 
Denominators 4 and 7 is 196, for a new Numerator to the 
Fraction 2; alſo the —.— 6 multiplied by the Deno- 
minators 4 and 2 is 48, for a new Numerator to the Fraction 
5: Laſtly, the Denominators 4, 2, and 7, multiplied, give 
56 for a common Denominator to the Fractions ,, *2*, 
and 43. | | 


Exam. 3. Exam. 4. 


Reduce 4 and 5 4 to F ractions Reduce 3 4 and + to Fractions 
of the ſame Denomination. of the ſame Denomination. 


5 3 
2 4 
. the mixed — the mixed 
10 Number re- 12 Number re- 
1 duced to an 1 duced to an 
— improper — improper 
IT Fraction. 13 Fraction. 
2 „ 2 4 
F | 13 4 5 
2 2 | 'q- 44 £2 
— — — Anſwer — — — Anſwer 
16 4 and P. 65 16 20 Es and 48. 


Theſe Examples are done as the firſt and ſecond. 


C 2 Article 
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» | 
Article 5. To reduce 'a mixed Number and a compound 
Fraction to the ſame Denomination. | 
© Rule. Reduce the mixed Number to an improper Fraction, 
by Art. 2 ; then reduce the compound Fraction to a fimple 
Fraction, by Art. 3; laſtly, reduce theſe two Fractions to the 
fame Denomination, by Art. 4, and they will be the new 


Fractions ſought. 
ein Ae. . Exam. 2. 
Reduce 3 3 and 2 of 2 to the Reduce 96 7; and + of + to 
ſame Denomination. the ſame Denomination. | 
WR * 1 EY 
7 1 30. HP 
21 1 F 
3 | 8 288 A 
24 op 3456 
Ft ; 
Whence the two Fractions in —— 
the Room of them that were 3463 435 
r e Hence the two Fractions in 


a | the Room of thoſe in the 
1011S 05 12 Example are 343 and . 


12 7 7 
. 3463 35 35 
288 42 84 15 15 
: 17315 18 180 
Anſwer and 34 3403 9 36 


51945 105 | 540 


Anſwer 54245 and 335. 


Exam. 1. The Integer 3 multiplied by 7 is 21; to which 
add 3, and it makes 24 ; thus is 3 5 reduced to . Then the 
Numerators 2 and 3 of the compound Fraction multiplied 
give 6, and the Denominatgrs 3 and 4 multiplied give 123 
therefore , is the ſimple Fractien to which the compound 
Fraction is reduced. The Numerator 24 multiplied into the 
Denominator 12, and the Numerator 6 into the Denominator 


7, give 


Reduction of Vulgar Fraftions. 13 
7, give the new Numerators 288 and 42. Laſtly, the De- 
nominators 7 and 12 multiplied produce 84, for the common 
Denominator; over which placing the Numerators before 
found; we have d and £5, the Fractions ſought. 

Exam. 2, The mixed Number 96 A5 is reduced, by Art. 2, 
to 3453 ; and the compound Fraction 4 of 4. to the ſimple 
Fraction P, by Art. 3. Then reduce theſe two Fractions 
to a common Denominator, by Art. 4, and we have 5. 53245 

and 425, the F ractions ſought. ö 


Article 8. To reduce ſimple Fractions and lep to 
Fractions of the ſame Denominator. 

Rule. Multiply the Integer by the Denominator of the 
Fraction; make this Product a Numerator by writing under 
it the Bos aer of the F raction; which F raction will be 
inſtead of the Integers, and will have the ſame n 
with the given Fraction. 


Exam. 1. Exam. 2. Exam, 3. 


Reduce 6 to a Frac- Reduce 35 to a Reduce 14 to a 
tion of the ſame Fraction of the ſame Fraction of the ſame 
Denominator with Denominator with Denominator with 


1 1 7. BY Ä | 
6 | 35 1 14 
— Anſ wer Anſ wer Anſwer 


+ and 4. 245 7 and 5. 126 8 and 3. 


Exam. 1, The Integer 6 multiplied by 4 the Denominator 
of the given Fraction is 24, for a Numerator ; under which 


improper Fraction 2 +, having the ſame Denominator with z * 
the given F taction. 
The other two Examples are done j in the ſame Manner. 


Article 9, To reduce a compound Fration and Integers to 
the ſame Denominator. 

Rule. Reduce the compound Fraction to a ſimple Fraction, 
by Art. 3; then reduce the Integer to an improper Fraction of 
the lime Denoininator with the fimple Fraction before found, 
by Art, 8; Theſe will be the Fractions * 


g Ex am. 


placing 4 the * of the given Fraction, we have tbe 
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Exam. 1. Exam. 2, 
Reduce 4+ of 4 and to Reduce 2 of r and 17 to 
F nations of the ſame Beno- F rations of the ſame Deno- 


minator, minator. 
Wo 1M 5 2 - 36 64 
3 4 8 3 4 17 
— RR 9 64 #& 448 
| 4 
. Anſwer 4 and . Anſwer — 
Ar and 31. 1088 


Exam. 1. The Numerators x and 3 of the compound 
Fraction multiplied give 3, and the Denominators 2 and 4 
multiplied give 8; the compound Fraction is thus reduced to the 
fimple Fraction 4 : Then multiply the Integer 5 by the Deno- 
minator 8, and it gives 40 for the Numerator; under which place 
the Denominator 8: So are 4 and the Fractions ſought. 

The ſecond Example is done in the ſame Manner. 


Exam. 3. Exam. 4. 


Reduce 4 of 2 of I and 16 to 
Fractions of the ſame Deno- 


minator. 


Reduce 7 and 4 of + te 
Fractions of the * Derid- 
minator. 


9898 150 2 2 
2 3 16 7 3 
OT g00 2 6 4 
1 150 
42 150 rye 2400 
we . 
Anſwer es and pp. 6 


42 Anſwer V and g. 


Exam. 3. The three Numerators 3, 2, and 7, multiplied 
together, give 42; and the three Denominators 5, 3, and 10, 
multiplied together, make 150, for the Denominator; ſo is 
the compound Fraction reduced to the ſimple Fraction g. 
Multiplying the Integer 16 by 150, the Product is 2400, for 


Addition of Vulgar Fractions. 15 
the Numerator of the improper Fraction, anſwering to 16; 
under which place the Denominator 150: Whence FF, and 


2429 are the Fractions ſought, 
The fourth Example is done in the fame Manner. 


Article 10. To reduce mixed Numbers and Integers to the 
ſame Denomination, | 

Rule. Reduce the mixed Number to an improper Fraction, 
by Art. 2; then reduce the whole Number to an improper 

ration of the ſame Denominator with the former Fraction, 


by Art. 8; and theſe will be the Fractions ſought. 


Exam. 1. Exam. 2. Exam. 3. 


Reduce 2 3 and 6 Reduce 3 + and 11 Reduce 12 f and 62 
to Fractions of the to Fractions of the to FraQtions of the 
fame Denominator. ſame Denominator, ſame Denominator. 


2 _ Ka 3 II 12 62 

4 4 4 4 2 2 

8 24 7 12 44 F 24 124 4% 
3 1 I 
II w 13 7 1 2 

Anſ. and . Anf. h and . Anſ. 5 and 2“ 


Exam. 1. The Integer 2 multiplied by the Denominator 4, 
to which Product adding 3, makes the improper Fraction , 
equal to 2 4; then the 1 6 multiplied by the Deno- 
minator 4 is 24, for a new Numerator to the other Fraction 
„ equal to 6: Whence and are the Fractions ſought, 

The other Examples are done in the ſame Manner. 


Addition of Vulgar Fractions. 


Article 11. To add ſimple Fractions together.. | 

Rule. If the given Fractions have the fame Denominator, 
add the Numerators together, and place that Sum as a Nume- 
rator over the common Denominator ; but, if the Deno- 
minators of the Fractions are different, reduce them to the 
ſame Denominator, by Art. 4, and then add their Numerators 
together, and under this Sum place the common Denominator ; 
and this Fraction will be the Sum of the given * — 

am. 
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Exam. eee | Exam. 2. 
Add = and 4 together. Add 2 and 4 and + together. 
Sales! 4 I 3 1 
=. 3 3 3 * 5 
8 9 . 
7 7 2 7 
q 1 2 f 
and — 35 
wi 14 Anſ. 42 
35 and 43 and 53 20 
27 Anſ. 


Exam 1. The given Fraction 4 and + being reduced, by 
Art. 4, to +; and r, add the Numerators 8 and 9 together; 
and their Sum 17 placed over the common Denominator 12 
gives +7, for the Sum of the given Fractions, 

Exam. 2. The three Fractions reduced to a common Deno- 
minator, by Art. 4, are 55, 43, and 32; therefore, adding 
the three Numerators 35, 42, and 20 together, and placing 
their Sum 97 over the common Denominator 70, we have 
the Fraction 27, the Sum of the three given Fractions, 

The two following Examples are done in the ſame Manner, 


Exam. 3. i 05.1.4, > M6 
Add 2, 4, and + together. Add 3, 2, and + together. 
3 2 I 4 I 2 3 8 
14 8 5 R 
15 8 5 20 5 12 15 40 
7 7 4 N 1 


105 20 $9 . ©. o6..: go 20 Z 
Now the three Fractions to be Now the three Fractions to be IJ 
added are 128, Tess and 4;. added are ce 255 and 32.. * 


105 90 

56 96 

20 40 

Anſwer 343-5. Anſwer 248. 


Article 


£3g — b > 
p 3 1 - aa — 
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Article 12. To add compound and ſimple Fractions together. 

Rule. Reduce the compound Fraction to a ſimple Fraction, 

by Art. 3; then reduce that and the given ſimple Fraction 

to the ſame Denominator, by Art. 4 ; laſtly, add the Nume- 

rators together, under which Sum place the common Deno- 
minator, as in the laſt Article. 


Exam. 1. Exam. 2. 


* 


Add + of 3 and + together. Add 5 of 4 and Ir together, 


3 4 = 
3 2 4 
1 6 24 ** 
Now the two Fractions to be Now the two Fractions to be 
added are 28 and 5. added are and . 
5 6 24 24 
15 36 36 
7 get Io — 8 
1 3 78 96 72 
105 72 252 24 
Arr. 3 
the Anfwer. * 312 
Add 425; to er, and 37+ is 
the Anſwer, 


Exam. 1. The compound Fraction 4 of ; is reduced, by 
Art. 3, to 25 reduce that and the given Fraction 3 to the 
ſame Denominator, by Art. 4, and we have 43+ and r; 
then add the Numerators 105 and 72 together, and their Sum 
177 placed over the common Denominator 252 is 22, the 
Sum of the given Frations, ö 

Exam. 2. The compound Fraction 4 of 3, by Art. 3, is 
reduced to Sg; then reduce £ and & to rr and r, by 
Art. 4; laſtly, add the Numeratots together, placing their 
Sum over the Denominator 312, and they give 47+ for the 
Sum of the given Fractions. abit 


y © The 
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The following Examples are done by the ſame Rule. 
Exam. 3. Exam. 4. 
Add 4 of 7 of + and + Add 2 of , and 53 and; 
together. 5 together. 
1 2 9 17 
7 9 3 10 
7 18 27 170 * 
* 8 Now the three Fractions to 
35 144 In be added are ; 1 and 4. 
27 is. m0 5-190 
Now the two Fractions to be 15 170 $3 -- Is 
added are 12 4 and . — — — — — 
| 23x 9790. $10.: +890 
35 I 44 I44 27 11 15 170 
— n A 405 1870 2550 2550 
140 432 576 8 8 510 8 


Add 342 to 443, and 444 is 3240 14960 7650 20400 
the Anfwer. 
Add e 
and 27535 js che Sunn f ught. 


Article 13. To add mixed Numbers and ſimple Fractions 
together. 


„ 


Rule. Reduce the mixed Number to an improper Fraction, 


by Art. 2; reduce this improper Fraction and the given 
ſimple Fraction to the ſame ominator, by Art. 4; then 
add the new Numerators together, and place their Sum over 
the common Denominator, as in the two preceding Articles. 


Exam. 1. Add 7 F, and + together, 


7 # „ 

10 ; 

— 7z the improper 73 4 10 

70 Fradion in 9 10 4 
3 ſhe Boop of kh — — 

— the mix 57 9 

73 Number. $ * 


Add d to 38, and % is the Anſwer, 
» | Exam. 2. 
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Fæam. 2. Add 3 + and 43 together. 


3 A 
_ the improper 22 12 27 
21 Fraction in 27 7 7 
I the Room of —— — | , 
— the mixed 154 84 189 
22 Number. 44 
. 
Add 524 to , and 1 is the Anſwer. 


Exam. 1. The mixed Number 7 rd is reduced, by Art 2, 
to the improper Fraction 242. ; reduce this and the given Frac- 
tion + to Fractions of a common Denominator, by Art. 4, 
and we have „ and 42; then adding the two Numerators 
657 and 40, it makes 697, to be placed over go the common 
2 Denominator : Thus is 527 the Sum of the given Fraction 
and mixed Number. | 
The ſecond Example is done in the ſame Manner. 


— 14. To add mixed Numbers and compound Fractions 
together.. * : 

* Rule. Reduce the mixed Number to an improper Fraction, 
by Art. 2; then reduce the compound Fraction to a fimple 
= Fraction, by Art. 3; reduce theſe two Fractions to the ſame 
Denominator, by Atr. 4; then add their Numerators together 
for a new Numerator, placing it over the common Denomi- 
nator, and this Fraction will be the Sum of the given Fractions, 


Exam. 1, Add 2 + and 2 of 6. 3h together, 


2 3 I2 19 21 48 
7 7 8 48 7 7 
1 3 3 — - : 2 
114 21 22 152 147 236 

| 5 = 
19 „ 912 
2 Hence the two ſimple” Frac- Add 33 to 42, and 2 is 
tions are 5 and 28. the Anſwer. 


D 2 | Exam, 2. 
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Exam, 2. Add 7 r and +4 of gr together, 


16 5 II ; * 15 88 
7 3 . 88 16 ME 
— V4 a 90 528 
9 968 15 88 
— 1 — — — — 
121 8 240 1408 
Hence the two ſimple Frac- Add 19643 to ger, | and 
tions are Y and x3. zz is the Anſwer, + 


Exam. 1. The mixed Number 2 5 is reduced, by Art. 2, 
to the improper Fraction ; and the compound F ration + of 
Ir is reduced, by Art. 3, to the ſimple Fraction 273 then 
reducing theſe two Fractions to Fractions of the ſame Deno- 
minator, by Art. 4, gives 433 and 22, whoſe Numerators 
added together make 1059, which being placed over the 
common Denominator 336 is , for the Sum of the given 
mixed Number and compound Fradt raction 

The ſecond Example and the two ei are done in the 
ſame Way. 


Exam. 3. 5 Exam. 4. 4 
Add 2 + and 4 of à of + Add 33 and + of 4 together, 
together, . s - 
35 I 4 
2 
8 3 6 5 3 * 
16 e eee 
3 4 3 oY 
— —— —ů— op” * 
— Mc 7 7 
Hence the two ſimple Frac- Hence the two ſimple Frac- 
tions are and r tions are and 3. 
162 40 162 - 
8 8 17 -—. 
_ PR 8 py 
8 296 Ws f fas 
Oo Bly a... 
| Add 335 to 42, and 
397 the Anſwer. 


Add 4232 3078 to 322. 320 +4 3393 
is the Anſwer. Article 
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Article 15. To add ſimple FraQtions and Integers together. 
This is only to annex the Fraction to the Integer, which 
makes it a mixed Number, 


| Exam. 1. Exam. 2. 
Add 7 and + together, Add 512 and together. 
Anſwer 7 8. Anſwer 512 3. 


This wants no farther Explanation. 


Article 16. To add compound Fractions and Integers 


together. 
Rule. Reduce the compound Fraction to a ſimple Fraction, 


by E ; then annex this ſimple Fraction to the Integer, as 


in the laſt Article. 
Exam. 1. RY Exam, 2, | 
Add 42 of i of 2; and 16 Add 200 and 4 of ? to- 
together. | gether. 
3 5 3 4 
7 12 6 7 
2 60 | 18 28 - + 
9 20 Y 
189 1200 8 Anſwer 200 2. 


Anſwer 16 185. 


Exam. 1. The compound Fraction + of r of & is reduced 
to Pro, by Art. 3; then joining to this Fraction the given 
Integer 16, we have 16 P, a mixed Number, for the 
Sum ſought. | | 

The other Example is done in the ſame Manner. 


Article 17. To add mixed Numbers and Integers together. 

Rule. This is no more than to add the Integer to the integral 
Part of the Fraction, and then to annex the Fraction to this 
Sum, as at Art, 15, 


Exam. 1, | Exam. 2. 
Add 30 J and 45 together, Add 19 5 and 11 together. 
Anſwer 75 5+ Anſwer 30 4. 


Subtradtion 
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Subtraction of Vulgar Frattions. 


Article 18. To ſubtract ſimple Fractions. 

Rule, If the given Fractions have the ſame: Denominators 
ſubtract the leſſer Numerator from the greater, and place the 
Remainder over the common Denominator ; this new Fraction 
is the Difference ſought. But, if the Fractions have different 
Denominators, reduce them to the ſame Denominator, by ſome 
of the foregoing Rules for reducing of Fractions; then ſub- 
tract the leſſer Numerator from the greater, placing the Re- 
mainder over the common Denominator; this will be the 
Difference ſought. | ; 


Exam. 1. Exam: 2. 
Subtract 5 from +. Subtract + from 33. 
2 * 1 19 23 
6 3 3 1 a. 2 
OM. 18 23 38 46 


3+ from +5 leaves r Anſwer. FF from Ig leaves 35 Anſwer, 


Exam. 1. The given Fractions are reduced, by Art. 4; to 
+7 and 5+ ; ſubtracting 12 from 15 there remains 33 which 
being placed over the Denominator 18 gives , for the 
Difference, for ſo much + is more than 3. 


The other Example is done in the ſame Manner. 


Article 19. To ſubtract ſimple Fractions from compound 
ions, or compound from ſimple. | 
Rule: Reduce the compound Fraction to a ſimple- Fraftion, 
by Art. 3; then reduce this and the given ſimple Fraction to 
the fame Denominator, and proceed as in the laſt Article. 


Exam. 1. Subtract 4; of g from +. 


3 * 4 

7 8 | 

— — 7 32 32 

r 5 4 5 
Hence is in the Room of 35 128 160. 


the compound Fraction. res from 48 leaves 8 Anſ. 


Exam, 2. 
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Exam. 2. Subtract + of 5 from 5. 


1 5 3c IT 7 

5 — 8 5 27 27 

5 27 r 7 4 7 
Hence eis in the Room of” B 54 189 


the compound Fraction. £5; from 1% leaves £52; Anſ. 


Exam. 1. The compound Fraction + of Z is reduced to 24, 
by Art. 33 4 mat and the ſimple Fraction + to the fame 
Denominator, = Art. 4, and they are 5; and 733 z then 
ſubtracting the Numerator 35 from the Numerator 1: 128, the 
Remainder is 93, to be placed over the common Denominator 
160: Thus is 428; the Difference ſought. - 

The ſecond Example i is done in the ſame Manner. 


Exam. 3 : Exam. 4. 
Subtract + from 5 of * Subtract from 4 of 3. 
2 7 3 4 n+ a 
I - in the Room 2 3 Er in the Room 
— oft 


— he compound — — of the compound 
2 6 Fraction, ,, 6 12 Fraction. 


g 


Now we are to take q from 2. Now we are to take 3 from Fr. 


I Gt ts 2 6 I2 
6 2 6 „ 9 
6 . 24 94 108 


A from 45 leaves £2 Anſwer. er from r leaves 2; Anf. 


Theſe are done by the ſame Rule. - 


Article 20, To ſubtract fimple Fractions from mixed 
Numbers. 
Rule. Reduce the mixed Number to an improper Fraction, 
by Art. 2; and reduce this and the given Fraction to the 
ſame Denominator, by Art. 4; then ſubtract the leſſer Nu- 
merator from the greater, and place the Difference over the 
commgn Dengminator, as at Art. 18, 


Exam, I, 
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Exam. $0: - | Exam. Do 
Subtract + from 13 4 Subtract 4 from 10 5. 
13 | T0 
4 7 
Uk | 3 
3 2 
1 3 
Now the two Fractions are Now the two Fractions are 
2 and . + and . 
2 55 5 3 l 
4 5 4 3 4 4 
8 275 20 21 288 28 


3, from 29 leaves 2% Anſ. 44 from 2 leaves 2% An. 


Exam. 1. The mixed Number 13 fl is reduced to the im- 

proper Fraction , by Art. 2; then this Fraction and the 
given ſimple Fraction + are reduced to , and 2, Fractions 
of the ſame Denominator, by Art. 4: Subtract 8 from 275 
and there remains 267, to be placed over the common Deno- 
minator 20; ſo is the Difference ſought. 
Exam. 2. The mixed Number 10 4 is reduced to the im- 
proper FraQtion I, by Art. 2 ; then the FraQtion , and 2 
the given ſimple Fraction, reduced to the ſame Denominator, 
by Art. 4, are Z and g: The Difference of the Numerators 
21 and 288 is 267, which placed over the Denominator 28 
is , the true Difference ſought. | 

The two following Examzles are done in the ſame Manner, 


Bxam. 3. Subtract 43 from 3 3. 


3 + and 77 to be reduced to the 

3 up ſame Denominator. 

he 3 II 4 

- Wot tg 3 

the improper ny 44 12 
Fraction. I from 4+ leaves 35 Anſwer. 


Exam, 4. 


SubtraFtion of Pulgar Frafions. 25 
| Exam. 4. Subtract 2 from 2 4. 


2 2 and, / to be reduced to the 

7 ſame Denominator. 
2 2 4 7 
wif 3 


the improper and” ws. {tf 85 . N.. 
Fraction, Z from J leaves 3 Anſwer. 


Article 21. To ſubtract compound Fractions from mixed 
Number”rs. 5 

Rule. Reduce the compound Fraction to a ſimple Fraction, 
by Art. 3, and the mixed Number to an improper Fraction, 
by Art. 2; then reduce theſe two new Fractions to the ſame 
Denominator, by Art. 4: Laſtly, ſubtract the leſſer Nu- 
merator from the greater, and place the Remainder over the 
common Denominator, for the Difference ſought, 


Exam. 1. . | we 6: of Exam. 2. ; N 
Subtract ? of r ſrom 6 3. Subtract of 4 of 5 from 19 4. 
1 b „ 1 
; 7 12 = 3 + 5 
286 60 22 18 3 95 
, 2 2 3082 3 
i ad | 6 56 + 98 7 
Hence the two ſingle Fractions Hence the FE — vip: 

ax 23 and 20, are r and . | 
| = > 6 98 56 
28 20 60 5 56 5 
84 1200 180 490 
15 from Fr leaves rt Anſ. r 


N «22: from r leaves 45.3 Anf. 


Exam. 1. The compound Fraction 4 of 1 reduced to the 
ſimple Fraction 23, by Art. 32 and the mixed Number 6 4 
ä 
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the improber FraRion , by Art. 2: Reduce theſe to tbe 
ſame Denominator, by Art. 4, and they make yd and re:? 
Laftly, ſubtracting the leſſer Numerator from the greater, 
and placing the Remainder over the common Denominator, 
r is the Difference ſought. By 
The other Example is done in the ſame Manner. 


Article 22. To ſubtract fimple FraQtions from Integers. 3 
Rule. Subtract the Numerator of the given .Fraftion from 
the Lenominator, place the Remainder over the Denominator, 
and join this Fraction to the Integers leſſened by 1: This is 
the Anſwer ſought. | 25 : 


| Exam. 1. © Exam. 2. 
Subtract + from 7. Subtract Y from 3. 


2 . 9 


1 Anſ. 6 +. 8 77 Anſ. 2 Ys. | 

Exam. 1. The Numerator 2 being ſubtracted from the 
Denominator 5, there remains 3; which placed over the ſame | 
Denominator makes 4, the Remainder of the Fraction 4 from 
an Unit: Then taking 1 from the Integer 7, for the 1 bor- 
rowed in ſubtraRting the Fraction 4 from x or Unity, the 
Remainder is 6, to be annexed to the aforeſaid 4: Sois 6 4 | 
the Remainder. | 3 _ 

The other Example is done in the ſame Manner. SY 
T The Reaſon of the Rule may be beſt underſtood by an Ex- 

ample taken from common Arithmetick : If it be required to 
ſubtract 3/7. 6s, 8 d. from 71, as there are no Shillings or 
Pence in the Subtrahend, or Sum given for the other to be 


ſubtracted from, it is performed in the following Manner, viz. 


J. 5. d. 
7 © O 
3 I 
1 4 


In this Example, there being no Pence in the Sum given to 
de ſubtrafted from, we borrow 12 Pence, or 1 Shilling, to 
ſubtract the 8 from, and the Remainder is 4; this borrowed ' 
Shilling is then carried to the Shiilings, which increaſes the 
FE OM 6 Shil- 


* 


= 
4 L 
1 


, 
* 


be 6 +. 
Exam. 3. | 
Subtract 2 from 5. 
4 5 
3 1 | 
I 3 1 Anf. 453. 


3 Subtraction of Vulgar Fraftions. 
6 Shillings to 7 Shillings ; then, there being no Shillings to 
fubtract t 7 from, we again borrow 1 from the next Article 
of Pounds; from which x Pound, or 20 Shillings, borrowed, 
de 7 is ſubtracted; after which, that borrowed Pound is 
carried to the Place of Pounds; Now this is the ſame that is 
done in this Rule, for 8 Pence is of a Shilling; and this 
g ſubtracted from the Denominator 12 leaves , i. e. 4 Pence; 
but then 1 is carried to the Place of Shillings, which is ſub- 
I crafting 1 from the Integer, of which the Fraction was a 
Part. So here 3 of an Integer were to be ſubtracted from 

Integers : Now, 4 of an Integer ſubtracted from 1 of thoſe 
Integers, the Remainder muſt be 4 ; becauſe 5, and 4 added 
together make F, or 1 Integer; then, as this x was borrowed 
to ſubtract the 2 from, it muſt be carried as in common Sub- 
traction; the Operation being in Effect thus, + from nothing 
T cannot, but 4 from +, or 1, there remains 3; then I fay, 
I that borrowed from 7, there remains 6; to which I annex 
the 4 before remaining, and find the whole Remainder to 


Exam. 4. 


. Subtrat + from 10. 


2 
_ 
\ 


10 
„ 


1 0 Ant 93. 


Article 23. To ſubtract . compound Fractions from Integers. 
Rule. Reduce the compound Fraction to a ſimple Fraction, 


by Art. 3; then proceed as in the laſt Article. | 


Exam. 1. 
Subtract 2 of 3 from 29. 
2 3 27 29 
5 9 10 5 


10 27 35 17 43+ 28 


Anſwer 28 34. 


Exam. 2. | 
Subtract + of 4 of I from 5. 
zar / /˖ 495 
3 4 21 1 
JJ 
7 8 
21 64 271 
Anſwer 4 74. 


Exam. 


_ this ſimple Fraction from the Denominator, and under the * 
. be annexed to the whele Number 29, leſs by the Unit 
7 The other Example is done in the ſame Manner. 


the 1 which was borrowed to the integral Part of the mixed 


— 


1 
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Bram, 1. The compound Fraction 3 of + is reduced to the I 
ſimple Fraction, 32, by Art. 313, ſubtract * Numerator of 


+ 
9 
* 


I 
© 3 


Remainder place the Denominator, and. we have the F ration 
was borrowed :. 80 is 28 3 the Remainder ſought. 


Article 24. To ſubtract a mixed Number from an Integer 
greater than the Integer of the mixed Number. ” 42 
Rule. Subtra& the Numerator of the fractional Part of the 
mixed Number from the Denominator, and place the Re- 
mainder over the Denominator, as in Art. 22; then carrying 


Number, ſubtract that from the Integer from which the mixed | 
Number was to be taken, and annex the former remaining 
Fraction to this laſt Remainder ; this is the Anſwer ſought. | 


Ex. 1. Subtract 35 from 6. Ex. 2. SubtraQ 22 * from 56. 


5 _ | 10 56 
2 4 | 7 23 | 
3 $ 2 Anf. 23. 3 * 33 An. 33 4% 


Exam. 1. The Numerator 2 ſubtracted from the Denomi- 
nator 5, there remains 3; that is, the Fraction + ſubtracted 
from 1 (which is borrowed) the Remainder is 4: Then ſay, 
the 1 that I borrowed and 3 is 4 from 6, there remains 2 ; 
to which join the ; ſo is 2 4 the Remainder required. 

The other Example is done by the ſame Method. 


Multiplication of Vulgar Factions. 


Article 25. To multiply ſimple Fractions together. 1 
_ Rule, Multiply all the Numerators together for a new 
Numerator ; then multiply all the Denominators together for i 
__ Denominator; ſo- is this new Fraction the Product 
ought. | 


Exam. 1. Multiply 2 by . Exam, 2. Multiply r by 2, 


„ „ 15 
NS... =: OY 
21 32 Anſ. 22. 38 45 An. 3. 


8 4 Exam. 1. 


Pd 


Multiplication of Vulgar Fractions. 29 

Exam. 1. The Numerators 3 and 7. multiplied give 213 

and the Denominators 4 and 8 multiplied are 32: Therefore 

the Fraction 2 is the Product of 4 by 4. The ſame of the 

other Example. And, if there had been more than two 

Fractions given, the Numerators and Denominators muſt all 
have been multiplied together in the ſame Manner. ; 


Article 26. To multiply compound Fractions and ſimple | 
Fractions together, or compound with compound. 
Rule. Multiply all the Numerators, both of the ſeveral Parts 
of which the compound Fraction conſiſts, and of the ſimple 
Fraction, and the laſt Product is a new Numerator ; then 
multiplying all the Denominators in the ſame Manner, the 
laſt Product is a new Denominator. This new Fraction is the 
Product. The ſame Rule is to be obſerved, if both the Frac- 
tions given to be multiplied are compound FraCtions, 


Exam. 1. 3 Zaum. 2. 
Multiply 4 of , by 5. Multiply + of 4+ by 2 of 4. 
I 3 3 IS, II I4 | 
2 5 5 6 
2 15 55 84 
7 9 EN: * 3 
„ i . u | 
| — 7 i - 
— — 
770 2016 Anf. g- 


Theſe Examples, I think, do not require any Explication. But 
the Learner may probably obſerve, that all Fractions decreaſe 
dy Multiplication, the Product being leſs than either of the 
FraQtions given to be multiplied 3 the Reaſon of which is, 
that, all proper Fractions being only Parts of Unity, and 
therefore Jeſs than Unity, multiply ing by a Fraction is only 
taking ſo many Parts of the Thing multiplied, as are expreſſed 
by the Fraction by which it is multiplied : For, as, in mul- 
tiplying by a whole Number, the Product is ſo many Times 
the Multiplicand as there are Units in the Multiplier, and 
therefore multiplying by 1 neither adds nor diminiſhes ; ſo, in 
multiply ing by a Fraction, the Product is but ſo many Parts 
of the Multiplicand as the Multiplier is Parts of- an Unit: All 
Multiplication being in Geometrical Proportion, the firſt" 

"1 | Term 


— , —˙(— _—_— — — 


30 MATHEMATICS. 
Term of which is 1; thus, as 1 is to the Multiplier, fo is 
the Multiplicand to the Product; therefore, if the Multiplier 
is leſs than 1 (as all proper Fractions are) the Product will be 
leſs than the Multiplicand. | 


Article 27. To multiply mixed Numbers and ſimple or 
compound Fractions together. | 
Rule. Reduce the mixed Number to an improper Fraction, 
by Art. 2; then proceed to multiply the Numerators together 
for a new Numerator, and the Denominators for a new De- 
nominator, as in the two laſt Articles. 


Exam. 1, Exam. 2. | 
Multiply 12 4 by 3. Multiply 3 4 by 5 of 5. 
I2 8 
4 7 
48 21 
3 5 
„ 25 7 
by + by 2 of 
531 4 25 7 
5 6 2 3 
255 24 Anſ. i. 50 21 
| 5 6 
250 126 Anſ. 252, 


Exam. 1. The mixed Number 12 + is reduced to the im- 


proper ; by Art. 2; then multiplying 51 by 5, the Pro- 
duct is 255; and the Denominators 4 and 6 multiplied give 


24 : Therefore 2 is the Product ſought. 


Exam. 2. The mixed Number 3 + is reduced to the im- 


proper Fraction , by Art. 2; then multiplying the Nume- 


rators 25, 2, and 5 together gives 250 for a new Numerator ; . 
then the Denominators 7, 3, and 6 multiplied give 126 for 


the new Denominator : So is 4453 the Product ſought. 


Article 28. To multiply ſimple Fractions and Integers 


together, 
. Rulg, 


_ wh C = 2 oy * 
» — * A 12 x, . il; Io SIR 3 L un — 
9 2 a . 1 * - Sar — * =" 82 1 
2 _ r 8 2 n 15 1 Py r — 7 - — - A 4 2 >a 9 
* * 1 5 8 >, _ 1 1 . hn | 8 1 5 — 8 . 
7 1 p 2 ** * 9828 = ee -+ 88 N 
, Ky "* | | 8 13 8 


Multiplication of Vulgar Frattions. 31 
Rule. Reduce the Integer to an improper Fraction, by 
Art. 1, that is, by placing an Unit under it for a Denomi- 
nator; then proceed as in the ſoregoing Articles of Multi- 
plication. * 


Exam. 1. A Exam. 2. 

Multiply 4 by 8. Multiply 25 by 56. 

—_ 2 by 
5 I 56 1 
| 7 17 29 
40 7 Anſ. . 392 29 

| 56 
952 Anf. 9%2, 


Exam. 1. Placing 1 for a Denominator under the Integer 8 
it makes ; then the Numerators 8 and 5 multiplied is 40 
for a new Numerator, and the Denominators 1 and 7 mul- 
tiplied is 7 for a new Denominator: So is 4? the Product 
ſought. The other Example is done in the ſame Manner. 
But it may be neceſſary to obſerve, that, if a compound 
Fraction was given to be multiplied by an Integer, it is to be 
done in the ſame Manner as at Art. 26, as may be ſeen by 
the following Examples, | 


Exam, 1. Exam. 2. 
Multiply 26 by 4 of 2. Multiply 19 by 4 of . 
26 I | 19 1 | 
2 3 3 3 
ö 57 7 
I 2 or 
$3- 57S Anſ. . 513 42 


112 Anſ. 2. 


2 n 1. The Integer 26 is reduced to the improper Frac- 
tion , by Art, 1; then the Numerators 26, 2, and 1 
og | multiplied 
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multiplied is 52 ſor the new Numerator; and the Denomi- 
nators 1, 3, and 2 multiplied is 6 for a new Denominator : 
Thus is 5 the Product fought. a * 
The other Example is done in the ſame Manner. 


Article 29. To multiply mixed Numbers and Integers 
together. | | | 
Rule. Reduce the mixed Number to an improper Fraction, 


by Art, 2, and the Integer to an improper Fraction, by 


and alſo the Denominators, according to the preceeding 


Exam. 1. Exam. 2. 


Multiply 12 4 by 19. Multiply 27 by 2 1. 
o 4.489 4s. ds. -- 26. 4& 
— 19 I x 
236 — — 20 — 
+” ws 9 203 10 
e 2 | 
722 Anſ. 73*, 783 Anſ. 773, 


Diviſion of Vulgar Fractioms. 


Article 30. To divide ſimple Fractions by fimple Fractions. 
Rule. Multiply the Denominator of the Diviſor into the 
Numerator of the Dividend for the new Numerator ; and the 
Numerator of the Divifor multiplied into the Denominator of 
the Dividend will be the Denominator of the Quotient. 


Exam. 1. Exam. 2. 
Divide 2 by . Divide 4 by 4. 
+ ) 3 ( + Quotient. 3 ) 4 ( 4+ Quotient. 


by 3 the Numerator of the Dividend is 6, for the Numerator 
of the Quotient; and 1 the Numerator of the Diviſor mul - 
tiplied by 4 the Denominator of the Dividend is 4, for the 


Art. 1; then proceed to multiply the Numerators together, 


Theſe Examples being ſo plain, their Explication'is omitted. . 


Exam, 1. The Denominator of the Diviſor 2 multiplied by 


Deno- 


£6 4 £ AQ. 


ute, e, Vulgar EM: 35 
Denominator of the Quotient: Therefore £ is the Quotient 
ſought. x | * e +: 7 + 8 

Em. 2. Multiplying 4 the Denominator of the Diviſor by 
1 the. Numerator of the Dividend, it makes 4, for the Nume- 
rator of the Quotient; and 3 the Numerator of the Diviſor 
XE multiplied: by 2 the Denominator of the Dividend is 6, for 
IF the Denominator of the Quotient: So that the Quotient 


_ 


' as 4 4 
here is 4 


The Learner will probably obſerve, that, as the Product in 
Multiplication was leſs than either of the given Fractions, the 
Quotient in Diviſion is greater than either of the given 
Fractions. The Reaſon is the ſame ; for every Diviſion is a 

metrical Proportion, or Rule of three; that is, as the 
iviſor is to 1, ſo is the Dividend to the Quotient: If, there- 
ſore, the Diviſor, or firſt Term, is leſs than 1 (as all proper 
Fractions are) then muſt the Dividend be leſs than the Quotient. 


Article 31. To divide compound Fractions and ſimple 

Fr actions. eee en:, ba 

Rule. Reduce the compound Fraction to a ſimple FraQtion 
then proceed as at Art. 30. 8 


1 Exam. 1. * Rus 2 
Divide + of + by F. Divide + of + by 4. 
AE Lo | 4 - 
3 8 3 
FFP 
$ ) * ( 55 Quotient, 2.) ) & Quotient. 


Exam. 1. The compound FraQtion 4 of 2, reduced by 
ay is 7 3 then 9 the Denominator of the Diviſor mul- 
tiplied into 3 the Numerator of the Dividend is 27, for the 
Numerator of the Quotient; and 4 the Numerator of the 
Diviſor multiplied into 15 the Denominator of the Dividend 
is'60, for the Denominator of the Quotient. | 

The ſecond Example is done in the ſame Manner, 


If a compound Fraction be given to be divided by a com- 
— — FraQtion, reduce both the compound Fractions to ſimple 
ractions, by Art. 33 then proceed as at Art. 30. I" 


nh | F Exam. 1. 
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em. 1. nee e e 
Divide 3 of 3 by 3 of 3. Divide 3 of $ by 1 05. 


2 
3 2 4 5 ks 2 2 4 


* )4( 44 Quotient, 4+ ) * ( Quotient, 


Exam. 1. The compound Fraftion 4. of 4 is reduced to tb 


imple Fraction 4, and the compound Fraftion 5 of f is, reduced | 


$43 for the Quotient ſought, | - 114m 


Ilie 32. Te divide a niixed Number by a fumple Pracion, 


or a ſimple Fraction by a mixed Number. f 
_ Rate. Reduce the mixed Number to an improper Fraction, 


by Art. 2; then proceed according to the Directions at ? 


Art. 30» 6] Dag sn 

Exam. 1. Exam. 2. 

Divide 10 4 by 3. Divide 3 + by 3. 
9 : 


Suk 1 


: 


\O 
O 
111 


, 97 2 * 23 3 1 S l | 
„ (e Quotient. 39% ( Quotient. 

Exam. 1. The mixed Number 10 2. is reduced to the im- 
proper Fraction 7, by Art. 2; then the Denaminator 6 


multiplied, by the Numerator 97 gives 582, for the Numerator 
of the Quotient; and the Numerator 5 multiplied - 


1 9 


Denominator 9, gives 45, for the Denominator of the. 
tient: So is r the Quotient ſou ght. 
The ſecond e is dane in the ſame Manner. 17 


Article 33, To divide mixed Numbers and compound 
FraQtions, | —_ 
«thy 4 a 5 Rule. 1 


= 


1 
* 
"= 
& - - 


3 


q Drojjon"of Pilger Bam, 33 
ul. Reduoe the mixed Number to an improper Fraction, 


X 


dy Art. 2, and the compound Fraftion to à fimple Fraction, 
by Art. 33 then proceed às at Art. 30. 


ne 


i 


| Exam. 1. * 3 Exam. 2. 
Divide 2 3 by 3 of 3. Divide + of + by 9 7. 


hd hs 
" == 9 1 


% 4 


2) '? (% Quotient. 


Exam. 1. The mixed Number 2 3 is reduced to , by 
Art. 2, and the compound Fraction g of ;; is reduced to the 
ſimple Fraction 43, by Art. 3; then 18 the Denominator of 
the Diviſor multiplied into 19 the Numerator of the Dividend 
is 342, for the Numerator of the Quotient: Laſtly, 0 the 
Numerator of the Diviſor multiplied into 9 the Denominator 
of the Dividend is go, for the Denominator of the Quo- 
2 | 

Exam. 2. The mixed Number 9 2 is reduced to 47, by 
Art. 2, and the compound Fraction + of 4 to Ar, by Art. 33 
multiply the Denominator of the Diviſor into the Numerator 
of the Dividend for the Numerator of the Quotient, and the 
Numerator of the Diviſor into the Denominator of the Di- 
vidend for the Denominator of the Quotient - 


Article 34. To divide ſimple Fractions, mixed Numbers, 
or compound Fractions, by Integers; or Integers by fimple 
or compound Fractions, or mixed Numbers. MOD 
Rule. Make the ew, 75 whether they are the Diviſor of 
Dividend, an improper Fraction, by putting an Unit for a 
Denominator, by Art. 1. If the Divifor or Dividend be 3 
mixed Number, reduce it to an improper Fraction, by Art. 2: 
And, if the Dwiſor or Dividend be a compound Fraction, re- 
duce it to a ſimple Fraction, by Art. 3: After which, the 
Diviſion muſt be performed as directed at Art. 3. 


F 2 ; Exam. 1. 


Exam. 1. Eram. 2. 


Divide IT by 4+ Divide 5 of + by 9. 
ng I 3 
*r by + MW . 


+) (% Quotient. 4 5 4 
3 1) * (fr Quotient. 


Exam, 1. The Integer 4 is reduced to +, by Art. 1 ; then 
multiplying the Denominator of the Diviſor + into the Nume- 
rator of the Dividend , it gives 7, for a new Numerator ; 
and multiplying 4 the Numerator of the Diviſor into 15 the 
| Denominator of the Dividend, it gives 60, for a new 
| minator : So is 2 the Quotient. e F {38 

Exam. 2. The compound Fraction 7 of + is reduced to ,. 
by Art. 2, and the Integer to 2, by Art. 1; then multiply 
as before, and there is + for the Quotient. [ 


| Exam. 3. Exam. 4. 
Divide 7 + by 13. Divide 11 by 3 f. 
| ee 7 * | 
| 4 5 
| 28 15 
1 1 
| — | i 
| 29 * by 166 
l ? * ( 3 Quotient, 7 ) ( Quotient, 


Exam. 3. The mixed Number 7 + is reduced to 22 
Art. 2, and 13 to , by Art. 1 ; © multiply I the Bean 
minator of the Diviſor into 29 the Numerator of the Dividend 
for a new Numerator, and multiply 13 the Numerator of the 
Diviſor into 4 the Denominator of the Dividend for a new © 
Denominator, and the Quotient is 22. _ | = 

_ Exam. 4. The Diviſor 3 + is reduced to s, and the Di- 
vidend 11 to 7 ; and, proceeding as in the other Examples, 
the Quotient will be 5s. 3 | 


Thus 
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Thus having gone thro' the ſeveral Rules of adding, ſub- 
tracting, multiplying, and dividing Vulgar Fractions, we ſhall 
now ſhew the Learner how to find the Value of Fractions of 
Money, Weights, or Meaſures, and to reduce FraQions to 
their loweſt Terms; theſe Articles are not neceſſary to the 
learning the Rules of Addition, Subtraction, G. but are 
neceſſary, aſter the Operations are performed, to diſcover the 
Value and Reſult of the Work. | n a 


Article 35. To find the Value of a Fraction in the cuſtomary 
Diviſions of Money, Weights, Meaſures, and the Mke: As if 
it was required to find the Value of 5; of a Pound Sterling. 

Rule, © Multiply the Numerator by 20, the Shillings in x 
Pound, then divide the Product by the Denominator, and the 
| Quotient is Shillings, and, if nothing remains, is the true 

Value of the Fraction : If any Thing remains, multiply it - 
by 12, the Pence in 1 Shilling, then divide the Product by the 
Denominator, and the Quotient is Pence, and, if nothi 
remains, the Shillings before bund, and the Pence now foun 
is the exact Value of the given Fraction: But, if any Thing 
remains, multiply it by 4, the Farthings in 1 Penny, then 
divide the Product by the Denominator, and the Quotient is 
Farthings, which, being added to the Shillings and Pence 
before found, is the Value of the given Fraction z the Re- 
mainder, after the Multiplication by the ſmalleſt Diviſion into 
which the Integer is divided, being generally neglefted, © 


Let it be required to find the Value of the following FraQtions 
of a Pound Sterling, 


ay 


Fran. 1. Of . Exam. 2. Of h. Exam.3. Of2.. 


6 Up 8 . 
20 1 5 6 
10) 120 (12. Anſ. 10) 160016. Anf 8)go($s. Ant. 
10 10 40 * 
20 oF” r N 
20 5 60 
0 0 


Exam. 1. 


Een. 1. The Numemtor 6 being, multiplied by 20 * 


the Product divided by the Denominator 10h the Quotient is 
13 Shillings, the exact Value of & of à Pound, as i 


remains. And this appears to be true; for the one Tenth of a 
Pound e pd, conſequently, /ix Tenths muſt be 
12 Shi ings. 10111 ) p as} 357 
The fame of the other two Examples. 


Exem. 4. Of z. - Exam. 5. Of . Faun. 6. Of &. 
Y «& A dn bas 2 * N eons 3g enuitivs 


ü M e a on 0 ne oc 20 
40) 300 (7% 49) 50 (42. 40) 70007. 
„ et gain Was ee oo r 
20 100 300 
1 12 | 4 80 280 
40) 240 (64 20 ., eee 
240 nc ><: 12 
s 4450) 44% (64. 40) 2 (64. 
Anſwer 7 64. = R — 


0 
O 


I 0.2 + Anſwer 125, 64. Anſwer 175, 6d. 


Exam. 1. The Numerator 15 being multiplied by 20, and 
the Product divided by the Denominator 40, we have 7 Sbil- 
lings in the Quotient, and a Remainder of 20; which bei 
multiplied by 12, the Product is 240, and, this being - till 
divided by the Denominator 40, the Quotient is 6 Pence, and 
nothing remains: Whence the exact Value of 45. of a Pound 
Sterling is 75.64. And this is true; for the ane Fortieth of 
& Pound is þ Pence, and, conſequently, fifteen Fortieths muſt 


be 7s. 64. 3 
The ſame of the other two Examples. 


Exon, 7. 


„ 4 
| Exam. 7. Of $45 Exam. 8. Of g. Baum. 9. Of 222. 


4 377 947 
25 . * 8 
J ny. Hess T gets, gdofgdo(tn 
7 5)914to (95. 9610 (1754{0(185. 9600 (18944 (T9. 
50 = 34 
12 768 94 
96) 600 (64. Ip" 70 
57 | = — 
n 96) 849 (84. 
” 288 768 
96) 96 {1g. Tp 
986 4 4 
1 96) 96 (19. 96) 288 (37. 
2 96 | 288 
Anſ. gs. 6d. +. n—_ — 
| 1 : o a 


Exam. 2. The Numerator 457 being multiplied by 20, and 
the Product 140 divided by the Denominater 960, the Qua- 
tient is Sillings ; and there remains 50, which being 
multiplied. by 12, and the Product 600 divided by 96, (the 
Cypher of the Diviſor being cut off at the laſt Operation) the 
* 6 Pence; and there remains 24, which being nals 
tiplied'by 4, and the Product 96 divided by 96, the Quotient is 
x Farthing, and nothing remains: Whence the exact Value 
of $3? of a Pound is 95. 6d. 4. Which is true; for the nia 
bundred-and-ſixtieth. Part of a Pound is 1 Farthing, and, con- 
ſequently, four hundred and fifty-ſeven ſuch Parts are ſo many 
Farthings, or 9s. 6d. 2. 07 W * v4 
The fame of the eighth and ninth Examples, 


| Exam. 10, 


Exam. 10. Of j. Exam. Ir. Of . Eaam. 12. Of 47. 3 : 
. 7 13. z 
170100 (145... 17) 140(85... 21) 260 (125, 
. * 7 | 136 1 21 . 
30 4 50 
28 | 12 42 
2 17748 (29. 8 
12 34 12 
7} 24 (34. 14 21) 96 (44. 
21 4 4 
3 17) 56 (32. I2 
4+ 31 4 
7012 (12. . 21) 48 (29. 
a | 42 


Exam. 10. The Numerator 5 being multiplied by 20, and 

| the Product 100 divided by the Denominator 7, the Quotient 

i is 14 Shillings ; and there remains 2, which being multiplied 

by 12, and the Product 24 divided by 7, the Quotient is 
3 Pence; and there remains 3, which being multiplied by 

4, and. the Product 12 divided by 7, the Quotient is 1 

arthing ; and 5 remains; but, there being in Fe Money 
nothing leſs than Farthings, the Rema is neglected : 

Hence we call the Value of J of a Pound, 145. 3d. 2, 

it is ſtrictly 5, or five Sevenths, of a Farthing more; that is, 

the Remainder is made a Numerator and the Diviſor a Deno- 

minator of a Fraftion, which is a Part of the Integer laſt 

found, Thus, at Example 11, the true Anſwer is 8s. 24, 2, 

and y of a Farthing ; and, at Example 12, the true Anſwer 
is 125. 4d. 2, and r of a Farthing ; but the Fractions of 

the loweſt Denomination are generally neglected in Practice. 


And, if it was required to find the Value of a Vulgar 
Fraction of a Yard, multiply the Numerator by 3, the Feet 
| mm 


1 


* 


A 
* 
I 
x 


_- 
* 'Y 
k 
1 
Iz 
od 
* 


4 
* 


p - 
, 


* 
* 


multiply it by 12, the Inches in 1 
f there is no Remainder, the Feet and Inches thus found is the 


| 907 Vulgar Fraflgons. . - 4t 
in 1 Yard, then divide the Product by the Denominator, 
and the Quotient is Feet, and is the true Value of the Frac- 
tion, if there is no Remainder : Me if there is a Remainder, 


oot, then divide the Pro- 
inator, and the Quotient is Inches, and, 


rue Value ſought: But, if there is ſtill a Remainder, multiply 


it by 4, the Quarters in 1 Inch, then divide the Product by 
the Denominator, and the Quotient is Quarters of an Inch, 


which, being added to the Feet and Inches before found, will 


j be the Value of the Fraction in Feet, Inches, and Quarters 


= 
4 
'" 
* * 
, 
my 


MH 
*£ 
4 4 
* 
+iJ 2 


= 
* 4 0 


: 
3 
> 


of an Inch: After. which, the Remainder may be neglected, 
unleſs greater Exactneſs is required. | 


To find the Value of the following Fractions of one Yard. 
Exam. 1. Of r. Zaam. 2. Of r. Exam. 3. Of 22. 


1 | 5 2250 , 
3 3 3 

12) 24 (2 Feet. 15) 15 (1 Foot. 24) 48 (2 Feet. 
24 | 15 48 


0 | 2 0 
The Operation in theſe Examples will appear very eafy by 
the Directions. | 


Exam. 4. Of 3%. Fam. 5. Of . Exam. 6. Of f. 


18 | 54 11 

36) 54 (1 Foot. 72) 162 (2 Feet, 18) 3301 Foot. 
36 | 144 18 | 
as © 18 4 

== | I2 12 

36) 216(6 Inches. 72) 216 (3 Inches. 18) 180 (10 Inches. 
216 .- uh. : 18 WEE. 


0 i 4 00 
Anſ. 1F, 6Inch. Anſ. 2F, 3 Inch. Anſ. 1 F. 10 Inch. 


Exam. 4. The Numerator 18 being multiplied by 3, and 
the Product 54 divided by 36, gives 1 Foot; and 18 remains, 
which being multiplied by 12, and the Product 216 divided by 

G FO | 36, gives 


42 AIT HE MAT CS. 

36, gives 6 Inches, and nothing remains: So is 1 F. 6 Inch. 

the exact Value of 35 of a Yard. 
The ſame of the fifth and ſixth Examples. 


Exam. 7. Of I. Exam. 8. Of 5. Exam. g. Of a” 


5 | 1 11 
83 2 3 
18) 15 (o Feet. 9) 3 (o Feet. 36) 33 (o Feet. 
12 12 12 
18) 180 (10 Inches. 9) 36 (4 Inches. 36) 396 (11 Inches. 
= ao ">: 36 
oo By dof | . 36 
Anſ. 10 Inches, Anſ. 4 Inches. 5 
Anſ. 11 Inches. 


Exam. 7. The Numerator 5 being multipied by 3, and 
the Product 15 divided by the Denominator 18, it gives o 
Feet in the Quotient; then multiply the 15, which is now 
the Remainder, by 12, and it makes 18D, which being divided 

* by 18 gives 10 Inches, the exact Value of r of a Yard, 

And ſo of the eighth and ninth Examples. 


Exam. 16, Of. Exam, 11. Of 4. Exam. 12. Of +. 


* 


5 4 3 
3 3 \" 
7) 15(2 Feet, 11) 12 (1 Foot. 13) 9 (o Feet. 
14 11 12 
. N A te: 
I I - 13) 108 (8 Inches. 
12 : 12 . 
7) 12 (1 Inch. 11) 12 (1 Inch. e 
I. 7 op Ooug rot: 4 
5 1 13) 16 (1 Qr. 
e + 13 | 
7) 20 (2 Qrs. 11)4(0 Qrs, - 
I4 | 
6 In 


# 


/ er Nadin. 43 
In the tenth Example, the Anſwer is 2 Feet, 1 Inch, and 


2 Quarters, or 1 Half; or exactly 2 Feet, 1 Inch, 2 Quarters, 


and 7 of 1 Quarter of an Inch. In the eleventh Example, 
the Anſwer is 1 Foot, 1 Inch, and r of 1 Quarter of an 
Inch. And, in the twelfth Example, the Anſwer is 8 Inches, 
1 Quarter, and r of x Quarter of an Inch. | F, 
And, in general, to find the Value of any Vulgar Fraction, 
is only to multiply the Numerator into the ſeveral Denomi- 
nations that compoſe the Integer of which the Fraction is a 
Part, beginning with the Denomination which comes next to 
the Integer, and dividing by the Denominator, as in the fore- 
ing Examples, which will give the Value ſought, 

When the Value of an improper Fraction is required, divide 
the Numerator bv the Denominator, and the Quotient will be 
Integers, and is the true Value, if there is no Remainder; if 
there is any Remainder, multiply it, and divide by the Deno- 
minator, as before taught, by which Means we ſhall have 
the Value of the improper Fraction. | 

Find the Value of the following Fractions of a Pound Sterling. 


Exam. 1. Of 7. Exam. 2. Of 1. Exam. 3. Of 5. 


8) 27 (30. 9) 34 (34. 7) 13 (17. 
24 "i 7 
— 3 — — a — 

3 3 0 

- = 20 | 20 
9) 60 (75. 9) 140 (165. 7) 120 (175. 
5 : 9 7 
4 50 4 a9 
12 | 49 
8) 48 (64. © Te: 
48 . 12 
0 7) 12 (14. 
Anl. 3. 745. 64. —_ 
5 
4 
9) 20 (29. 7) 20 (2. 
18 14 


2 6 
Anſ. 31. 155. 2 1. Anl. 1. 175. 14.5. 
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* Exam. 1. The Numerator 27 being divided by 8 gives 3 in 
the Quotient, which is 3 Pounds; after this the Operation is 
the ſame as before; and ſo we find the improper Fraction 


of a Pound, is 31. 75. 6d. | 


And fo of the other two Examples ; where, in the Anſwers, 
the Remainders 2 and 6 are neglected. — 
If the Value of a compound Fraction is required, reduce it 
to a ſimple Fraction, by Art. 3, and then proceed as before 
taught. a 


- Required the Value of the following Fractions. 


| Exam. 1. ES, .. 
Of z of 4 of a Pound Sterling. Of Z of g of a Vard. a 
in: 2 "a 
« 8 2 6 
3 16 + 6 12 1 
8 6 
20 3 
16) 60 (33. 12) 18 (1 Foot. 
48 * 12 
12 "i 
r2 | „ 2 
16) 144 (9d. 12) 72 (6 Inches. 
144 72 
©) | 0 
Anſwer 3s. 9 d. Anſwer 1 F. 6 Inch. 


The compound Fraction + of + is reduced to the ſimple 
Fraction Az, by Art. 3; afterwards its Value is found as 
before taught, and is 3s. 9d. Which is ſhewn to be the true 
Value thus: The eighth Part of a Pound is 2s. 6d. whence 
three Eighths are 7 5. 6d. but the one Half of 75. 64. is 35. gd. 
as in the Anſwer, And, as to the other Example, the two 
Thirds of a Yard are 2 Feet, but the three Fourths of 2 Feet 
are 18 Inches, or 1 F. 6 Inch. as before found. 

The great Variety in Vulgar Fractions makes them appear 
with ſome Difficulty to a Learner ; but I would not have him 

be 
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be diſcouraged, if he does not at firſt remember every Rule; 
it will be ſufficient, for his preſeat Purpoſe, if he ſees how the 
Operation is performed by the Rule, for then he will quickly 
recover the Manner of any Operation by having Recourſe to 
the Direction. 


Article 36. To reduce a Fraction to its loweſt Terms. 

Rule. Divide the Denominator by the Numerator; if any 
Thing remains, divide the Numerator by the Remainder; and, 
if any Thing 7 remains, divide the laſt Diviſor by ſuch 
Remainder, till nothing remains; then is that Diviſor the 
greateſt common Meaſure which will divide both the Nume- 
rator and the Denominator without a Remainder. By the 
common Meafure ſo found divide the Numetator, and the 

tient is a new Numerator; then divide the Denominator 
by the ſame Number, and the Quotient is a new Denominator ; 
and this new Fraction i equal to the given Fraftion. 


Exam. 1. Reduce 555 to its loweſt Terms. 


252) 315 (1 63) 252 (4 a new Numerator, 
252 252 
„ <4 pee - 
63) 252(4 O | 
252 | 
3 63)315 (5 anew „ "TOE 
@ - Lc 
o Anſ. 4. 


» | 
Exam. 2. Reduce 32 to its loweſt Terms. 
180) 513 (2 27) 189 (7 a new Numerator. 
378 189 WY 
135) 189 (1 ? © 
135 | | | 
5 — 2297) 513 (1) a new Denomi- 
540 135 (2 „ nmator. 
tos — | | 
27) 54 (2 243 
54 * 
— ö * Anſ. F;. 
0 | 
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| Exam. 3. Reduce 47+ to its loweſt Terms. 


171) 399 (2 57) 399 (7 
342 399 
57) 171 (3 0 8 
171 wh 
0 Anſwer 2. 


Exam. 1, The Denominator 315 being divided by the 
Numerator 252, there remains 63; by which divide the 
Diviſor 252, and nothing remains ; therefore 63 is the com- 
mon Meaſure ſought : Then divide the Numerator 252 by 
this common Meaſure 63, and the Quotient is 4, for the new 
Numerator ; and dividing the Denominator 315 by the ſame 
63, the Quotient is 5, for a new Denominator : So is the 


Fraction ? equal to 34, the loweſt Terms to which it can be 


reduced. 


* — 
Exam. 2. The Denominator 513 being divided by the 


Numerator 189, the Remainder is 135; by which divide the 


Diviſor 189, and there remains 545 and dividing the laſt 
Diviſor by 54, there remains 27 ; then divide the laſt Diviſor 


54 by 27, and there remains nothing: Therefore 27 is the 


greateſt common Meaſure; by which divide the Numerator 
189, and the Quotient is 7, for the new Numerator ; and 
dividing 513 the Denominator by the ſame 27, the Quotient 
is 19: Therefore 7; is the loweſt Terms of the given Frac- 
tion 442, 


The third Example is done in the ſame Manner; only as 
the ſecond Diviſion, not having any Remainder, ſhews, that 
the Diviſor 57 is the common Meaſure ; and, as the Dividend 
was the Numerator, it was not neceſſary to divide the Nu- 
merator again by it, as is done in the firſt Example, fince it 
might there have been omitted: Whence 3 is the new 
Numerator ; and dividing 399 by 57, it gives 7 for a new 
Denominator : And ſo is 335 reduced to its loweſt Terms 3. 


Exam. 4. 


„ 
PR... 4 
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| | 4 
Exam. 4. Reduce 32 to its loweſt Terms. 


255) 663 (2 af 4 51) 255 (5 
5 7 "Hae 0 255 | 
153) 255 (1 N 
9 5 | 
| — 51) 663 (13 
95 1 102) 153 (1 : 51 
T IOZ \ — 
I53 
57) 102 (2 = ©! 9g 
102 — 
{ As, 4 O ; | 
wy | | Anl. r · 
Exam. 5. Reduce 433 to its loweſt Terms. 
481) 629 (x | 37) 481 (13 
481 * 
148) 481 ( III 
| 444 , III 
BY 37) J48 (4 2 6 the 
; 148 | | 
| Wn. 37) 629 (17 
* — 37 
259 
259 


e AnC.43. 


But if, in dividing to find a common Meaſure, the Re- 
mainder happens to be an Unite, then the Fraction is already 
in its loweſt Terms. | 1 | | 

There are other Methods of reducing Fractions to their 
loweſt Terms: For if the Numerator and Denominator of 4 
Fraction have each one or more Cyphers on the right Hand, 
the ſame Number of Cyphers in the Numerator and Deno- 
minator may be cut off, and the remaining Fraction will ſtill 
be of equal Value: Thus 58, in the firſt Example of Art. 35, 
is the ſame with 3, the takin away the Cyphers not altering 
the Value of the FraQtion, again, in the fourth — 

| | 0 
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of the ſame Article, 52. may be reduced to y. Alſo, if 
either the Numerator or Denominator have a Cypher, and 
the other end in 5, than may both Parts be reduced by divid- 
ing by 5: Thus this Fraction, 435, each Part being divided 
by 5, will be reduced to 55 ; which, being again divided by 
5, Will be reduced to r, which is its loweſt Terms, - 
Another Method of reducing a Fraction is, if the Nume- 
rator and Denominator are even Numbers, take the Half of 
each ; and, if they are yet both even, halve them again ; and 
by this Means a Fraction may often be reduced ſo low, that 
it may appear what Number will divide both the Numerator 
and Denominator, ſo as to reduce them to their loweſt Terms, 


Exam. 1. Reduce 1 by Balving. 


Half 112 is 56. Half 168 is 84. 
Half 56 is 28. Half 84 is 42. 
Half 28 is 14. Half 42 is 21. 


As both theſe laſt Numbers will divide by 7, this will reduce 
them to 2, their loweſt Terms. 


| Exam. 2. Reduce 242 by Halving. 


Half 292 is 96. Half 288 is 144. 
Half 96 is 48. Ha is 72. 
Half 48 is 24. Half 72 is 36. 
Half 24 is 12. Half 36 is 18. 
Half 12 is 6. Half 18 is . 


Here 6 and 9 are diviſible by 3, which reduces them to 3, 
their loweſt Terms. 


Sometimes it happens a Fraction may be reduced by dividing 


it by 3 4, 5, or any of the other Integers, as in the follow- 


ing Examples; where the Figures that ſtand over each Par- 
tition are the Numbers which divide both the Numerator and 
Denominator. | 


Exam. 1. To reduce 34% Exim. 2. To reduce es to 


to lower Terms. lower Terms. 


In the firſt Example, the Numerator and Denominator of 
the Fraction 35+ may be divided exactly by 2, which gives 


; and this may be divided by 4, which gives 43 ; and 
dividing this by 4, it gives 53; and dividing this by 6, it 


gives 


9 
Co 


& A 
4 
on 


> 


* 
"4 
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yes 2 for a new Fraction, in the Room of 334. In the 
ky Manner is the other Operation done, And in this 
Method the Learner is at Liberty to try any of the Integers 
for a Diviſor; only he muſt carefully remember, that it muſt 
divide both the Numerator and Denominator exactly, without 
any Remainder. And, if he has an Inclination to fatisfy his 
Curioſity, to know whether he has done his Operation right, 
fay, As the given Denominator is to the given Numerator, ſo is 
the new Denominator to the new Numerator ; then multiply 
the firſt and fourth Numbers, and the ſecond and third Num- 
bers together; if theſe Products are equal, the Works is true. 
Let us take the laſt Example: 


As 1080 is to 810, ſo is 4 to 3. 
3 4 
3240 3240 
In the ſame Manner may any of the other Examples be proved. 


Article 37. To reduce a Fraction of a lower Denomination 
to a Fraction of a higher; as the Fraction of a Farthing to 
the Fraction of a Shilling or a Pound. | | 

Rule. Make it a compound Fraction, thro' all the inter- 
mediate Diviſions between the given Fraction and that De- 
nomination to which it is to be reduced, as in the following 
Examples; and then reduce this compound - Fraftion to a 
ſimple Fraction, by Art. 3. 


Exam. 1. Exam. 2. 


Reduce 3 of a Farthing to the Reduce -2- of an Inch to the 
TE 


: raction of a — Ftaction of a Foot. 
3 of + of r of 5. a, of Tr 
2 3 | 
9 10 
* . 1 12 
2 12 „ 
1 12 x 9 * 
+ 2 Anſ. 2 of a Foot. 
1 20 
2 2880 


Anſ. ar v of a Pound Sterling, H Exam, 1. 


50 MATHEMATICS, 


Exam. 1. A Farthing is 4 of a Penny, whence. 3 of a Far- mi 
thing are 3 of + of a e. and, becauſe a Penny is Tr of a of 
Shilling, therefore 2 of a Farthing are 3 of 4 of r of a Shil- nc 
ling; and, becauſe a Shilling is of a Pound, +. of a Far- 
thing are 3 of + of r of 25 of a Pound: Which compoung 
Fraction being reduced to a fimple Fraction, by Art. 3, is II 


2 ; of a Pound Sterling, equal to 3 of a Farthing. 10 
ram. 2. Becauſe an Inch is Ar of a Foot, therefore * of 9 

an Inch is 2, of I of a Foot: Which compound Fraction 
being reduced to 2 ſimple Fraction, by Art. 3, is +3 of a 
Foot, equal to , of an Inch. 1 


Article 38. To reduce a Fraction of a greater Denomination i 
to a Fraction of a leſs. =_ 

Rule. This is the Reverſe of the former ; and is performed i 
by multiplying the Numerator of the given Fraction, by all 
the intermediate Diviſions of the Integer, for the new Nu- | 
merator; under which place the given Denominator, and this 


will be the Fraction ſought. 


t. Exam. 2. | g 
Reduce + of a Pound Sterling Reduce 4 of a Pound Sterling 
to the Fraction of a Farthing. to the Fraction of a Penny. | 


3 | 3 
20 20 
60 f 1 60 
12 83 3 
— — Anf. 2 of | 
72⁰ | 720 a Penny. 
4 | 
1  ——— Anf. of a 
2880 Farthing. 


Thus have we done with the moſt difficult Part of Arith— 
metic, the Vulgar Fractions ; only it may be neceſſary to 
ſhew the Learner the Manner of working an Example or two 
in the Rule of Three direct, in Fractions. | 


Article 39. To reſolve Queſtions in the Rule of Three in 
Fractions. 3 : 

Rule. After the Queſtion is ftated according to the uſual 
Manner in the common Rule of Three, multiply the Deno- 
minator of the firſt Term into the Product of the Numerators 
of the ſecond and third Terms, for a new Numerator ; then 


multiply þ 
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multiply the Numerator of the firſt Term into the Product 


XX of the Denominators of the ſecond and third, for a new De- 
nominator; and this new Fraction is the Anſwer ſought. 


Exam. I. Exam. 2. 4 


If Z of a Yard of Lace coſt 1 IF 2 of a Pound of Silver coſt 
of a Pound, what will 5 21. 6s. 8d. what will L of 


"Yards coſt? a Pound coſt ? 
A8 4 is to 3, ſo. is 4. As J is to 3, fo is 4. 

"Rs + 7 8 

DS 3 5 3 

35 8 35 24 

4+ 3 5 "I 

140 24 7279 72 
Anſwer g of a Pound, or Anſwer e of a Pound, or 

51. 165. 8d. 21. 85. 74. 2. 


Exam. 1. The 5 Yards are reduced to the improper Fraction 
5, by Art. 1; then multiply the Numerators of the ſecond 

and third Terms, and that Product being multiplied by 4, 
the Denominator of the firſt Term, it gives 140 for the 
Numerator of the fourth Term; then the Product of the 
Denominators of the ſecond and third Terms being multiplied 
by 3, the Numerator of the firſt Term, it gives 24 for the 
Denominator of the fourth Term: So is 4? the Anſwer 
ſought ; the Value of which, by Art. 35, is 5/, 16s. 8d. 
If the Learner has the Curiolity to examine this Queſtion by 
common Arithmetic, he may turn it into whole Numbers 
thus; + of a Pound is 175. 6d. then if + of a Yard coſt 
17 5. 6d. 5 Yards will coſt 51. 16s. 8 d. 

Exam. 2. The 6s. 8 d. are changed into the Fraction of a 
Pound Sterling thus; becauſe 20 Shillings make a Pound, 
therefore 6 Shillings are , of a Pound; and 12 Pence making 
1 Shilling, and 20 Shillings x Pound, therefore 8 Pence are 
r of 2g of a Pound, by Art. 37: Whence d of a Pound, 
being added to r of e of a Pound, will be in Fractions 
the ſame Thing as 6s. 8d. But r of s being reduced to a 
ſimple Fraction, by Art. 3, are 248; then 29 and zd being 
reduced to Fractions of the ſame Denomination, by Art. 4, 
are 288 and e; and = Sum of theſe Fractions, by 
| * Art. 
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Art. zt, is 4522: Laſtly, this Fraction being reduced to its 
loweſt Terms, by Art. 36, is 4; whence 21. 6s. 8 dJ. is in 
Fractions 2 4 ; which being reduced to an improper Fraction, 
by Art. 2, is 4. Now ſtate the Queſtion in common Arith- 
metic, and proceed according to the Directions, and the Anſwer 
will de of a Pound, or 21, 85. 7 d. 4. 


Of Decimal Fractions. 


ECIMAL Fractions are a modern Invention, tho” 

of great Uſe: It is ſaid to be the Invention of Regio- 

” montanus, for the Calculation of his Tables. Some 
object againſt Decimal Arithmetic, becauſe, in Diviſion, it 
does not always give the true Quotient, only very near, which 
will be the Caſe while there is a Remainder ; whereas the 
Vulgar Fractions give the Truth, But this Objection is of no 
real Force: For if it be conſidered, that, 'tho* you can't. have 
the true Quotient in ſome Caſes, yet, in all Cafes, you may 
come as near the Truth as you pleaſe, ſo as to be within the 
1coooth Part of a Farthing, or a Grain, or whatever elſe the 
Integer is. Add to this, that, in a Decimal FraQtion, we can 
ſee, by bare Inſpection, without any Trouble of Reduction, 
the Value of it to Half a Farthing in Money, to + of an Inch 
in Foot-Meaſure, and to as ſmall a Part in other Things, as 
will be ſhewn hereafter ; which, in moſt Caſes, is near enough. 


Whereas, in Vulgar Fractions, after you have been at the 


Trouble of reducing them to the known Parts of Coin, 
Weights, Meaſures, Cc. by Art. 35, you often have a 
frational Part of the leaſt Denomination into which the In- 
teger is uſually divided, as of a Farthing in Fractions of 
Money, But the ſuperior Excellence of Decimal Fractions 
will he readily acknowledged, by all who are acquainted with 
the Facility of their Operation, compared with the Difficulty 
of Vulgar Fractions, tho? theſe have their Uſe in ſome Caſes, © 


The Definition and Notation of Decimal Fractions. 


When Integers are divided, or ſuppoſed to be divided, into 
10, too, 1000, &c, equal Parts, any Number of thoſe Parts 


are what ate called Decimal Fractions: A Decimal FraRion, 


therefore, 
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therefore, is that which has for its Denominatar an Unit, 


with a Cypher, or Cyphers, annexed to it, as 10, too, 
1000, Sc. But the uſual Way of noting down Decimal 


Fractions, and which makes them more ready for Uſe, is to 


omit the Denominator, and prefix a Point or Comma before 
the Numerator to the left Hand, to diſtinguiſh them from 
whole Numbers, 

As, in whole Numbers, Cyphers to the right Hand increaſe 
the Value or Power of the Figures in a ten fold Proportion; 
ſo, in Decimal Fractions, Cyphers to the left Hand decreafe 
their Value or Power in a ten- fold Proportion. Thus .5 ſtands 
for 5, or five tenth Parts; . 05 for dv, or five hundredth 
Parts; . oo5 for 555, or hve thouſandth Parts. And, as 
Cyphers on the left Hand of whole Numbers. neither add or 
diminiſh, in the ſame Manner, Cyphers on the right Hand of 
Decimals are of no Signification; for .8 and. 80 and .800 are 
all the fame Fraction, fince they are e, Tee, and 42%. 
And it has been already ſhewn, at Art. 36, that, when there 
are Cyphers both in the Numerator and Denominator, the 
ſame Number in both may be cut off or omitted : By which 
may be ſeen, that the difficult Work of reducing Vulgar Frac- 
tions to the ſame Denominators, in order to their being added 
or ſubtracted, is performed in the Decimals without any 
Trouble. | | | 

The Order of Places in Decimals proceeds from the left 
Hand to the right: The firſt next the Dot is called the Place 
of tenth Parts, the ſecond the Place of hundredth Parts, the 
third the Place of thouſandth Parts, Fc. becauſe whatever 
Figure ſtands in thoſe Places ſtands reſpectively for ſo many 
tenth, hundredth, thouſandth, c. Parts of an Unit: As 
in this, . 5473 here the 5, in the firſt Place, is , the 4, 
in the ſecond Place, is s; the 7, in the third Place, is 


35s 3 and the 3, in the laſt Place, being the fourth, is 


16355 and may be ſeparately expreſſed, .5, 04, .007, 
.0003. The Denominator of a Decimal Fraction is always 
known by the Number of Places in the Decimal, the Deno- 


minator conſiſting of as many Cyphers as there are decimal 


Places, with an Unit prefixed ; always obſerving, that Cyphers 
in the Decimal are reckoned as Places as well as Figures: 
Thus ,05207 is a Decimal of five Places, whoſe Denominator 
is T000CO, | 

For the better underſtanding the Notation of Decimals, the 
following Scheme of Numbers, increaſing in a ten-fold Pro- 
| | portion 
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portion from Unity to the left Hand, and decreaſing in the 


ſame Proportion from Unity to the right Hand, will be of 
Service, | * ; 


C 
6 | * | 
Seventh Place + Millions ? 
Sixth Place —w Hundred Thouſands 
Fifth Place © Ten Thouſands | 
Fourth Place & Thouſands | of Units. 
Third Place » Hundreds | 
Second Place o Tens 
Firſt Place © Units (under 10) 
Firſt Place — Tenth Parts 
Second Place © Hundredth Parts 
Third Place w Thouſandth Parts fr Unie 
Fourth Place + Ten Thouſandth Parts an.: 
Fifth Place G Hundred Thouſandth Parts | 
Sixth Place cc Millionth Parts 

(&y R 


In this Scheme, or Table, you may obſerve, that the Places 
of whole Numbers are feparated from the Places of decimal 
Parts by a Dot. The Number on the left Hand of the Dot 
is 4735286, which expreſſes four Million, ſeven Hundred 
end thrity-five 2 two Hundred and eigbty-ſix Units 
or Integers. The Number on the right Hand of the Dot 
expreſſes ſeven Hundred and ninety-two Thouſand, four Hundred 
and fifty-three Parts of an Unit, the whole being divided into 
one Million equal Parts; which is to be wrote thus, Ne,; 
according to the Method of Vulgar Fractions ; or thus, 
792453, according to the Decimal Notation. So that, if I 
were to read this Decimal FraQtion, .7, I ſhould call it ſever 
Tenths of an Unit, the Unit being divided into 10 Parts, If 
I were to read this Decimal Fraction, .79, I ſhould call it 
Seven Tenths and nine Handredth Parts of an Unit, or ſeventy- 
vine Hundredth Parts of an Unit, the Unit being now di- 
vided into 100 equal Parts. And .792 is ſeven Tonths, nine 
Hundredths, and two Thouſandth Parts, or ſeven Hundred and 
ninety two Thoufandth Parts of an Unit, the Unit being now 
divided into 1000 Parts. And .7924 is ſeven Tenths, nine 
| Hundredths, two Thouſandths, and four Ten-thouſandth "—_ 
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of an Unit, or ſeven Thouſand, nine Hundred and twenty-four 


XZ 7Ten-thouſandth Parts, the Unit being now divided into 10000 
Parts; and the fame of any other Decimal Fraction, | 


Addition of Decimal Fractions. 


Article 40. To add Decimal Fractions together. 

Rule. Place them one under the other, as in Addition of 
whole Numbers, obſerving to place Tenths under Tenths, 
Hundredths under Hundredths, Thouſandths under Thou- 
ſandths, and ſo on; then add them, as in whole Numbers, 
ſetting down the odd ones, and carrying the Tens to the next 
Place. If the laſt Place, or Place of Tenths, next the Dots, 
amounts to any Number of Tens, they muſt be carried to the 
Place of Units, on the left Hand of the Dot. 


Exam. I. 


Add .127 and. 244 Exam. 2. Exam. . Exam. 1 
and. 348 together. | 


127 3075 415 215 


244 „sss [> 2.028 4923 
348 +2579 e473 0514 
719 7122 916 7587 


Exam. A Having placed the ſeveral Fractions one under 
another, according to their ſeveral Denominations, and added 
them, as in whole Numbers, the Sum is . 7 19, or ſeven Tenths, 
one Hundredth, and nine Thouſandth Parts of an Integer or 

| Vous or ſeven Hundred and nineteen Thouſandih Parts of an 

nteger. 
The other three Examples are added in the ſame Manner. 


Exam. 5. Exam. 6, Exam. 7. | 1 
4573 784 994561 
589 9127 923 
7124 8352 74s 

1.7587 2.5319 2.61511 


Exam. 5. There being no Fraction in the middle Row of 
the ſame Denomination with the 3 in the upper and the 4 in 
| * the 
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the lower Rows, I add the 4 and the z together, and then 
proceed as before; only, in adding the Place of Tenths, the 
Sum is 17, therefore I fet down the 7 in the Place of Tenths, 
with the Dot before it; and the 1, which is to be carried, I 
place to the left of the Dot : So is the Sum compoſed of one 
Unit, and the FraQtion .7587. N 

The ſixth and ſeventh 8 are added in the ſame 
Manner. 


Exam. 8. Exam. q. Exam. 10. 
4.579 17.9571 7568 
2.486 4.95 8 14.3721 
7.5402 6.901 $.OT 

14.6052 29.8081 20,1389 


Exam. 8. The Fractions are added as before; but, when 
you come to the Place of Tenths, the Sum being 16, the 6 
muſt be placed down, and a Dot before it; then carry the x - 
to the Integers, and add them, placing them to the left of the 
Dot, as is done in the Example. In the ninth Example, there 
is 2 to be carried to the Integers. In the ſame Manner 
may any other Addition in the ſame Kind be done, only 
taking that the Figures, whether Integers or Fractio 

be placed under the Figures of a like Denomination ; for, if 
am to add 47.52 to .42, the Abſurdity would e evident, 
were they e and added fn his n vix. 


47-52 
42 


89.52 


But, by taking Care to place the Figures of the ſame Deno- 
mination one under another, the Work will eaſily be obſerved 
to be true, thus, os 


47-52 
7 42 


— — 


. 
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Subtracki on of Decimal PFraftions. 


Article 41. To ſubtract Decimal Fradtions. Fe 
Rule. Place the Numbers one under another, Wa "Va: to 
their Denomination, as in Addition ; then ſubtract them, as 


in Subtraction of whole Numbers. 
Exam. 1. Exam. 2. | Exam. 3. | 
From .628 From 3.275 From . 628 
Subtract . 209 Subtract .984 Subtract. 59 
Remains . 419 Remains 2.291 Remains . 569 
Proof . 628 Proof 3.275 Proof . 628 


This being done, in all Reſpects, as in Subtraction of whole 
Numbers, there can be no Neceſſity of multiplying Examples: 
But it may be proper to obſerve, that, when the Number to 
be ſubtracted has more decimal Places than the Number from 
which it is to be ſubtracted, you muſt take ſuch Figures from 
10, for which x muſt be carried to the next Place, as will 


appear by the following Examples, 


Exam, 4. Exam. 5. Exam. 6. 
From 12.372 From 78 From 73-14 
' Subtract 9758 Subtract 5942 Subtract 26.526 
Remains 4 ay Remains .o858 | n 46.6 4 
Proof 12.3720 Proof .7800 Proof 73-140 


Exam. 5. There being nothing to ſubtract the 2 from, I 
take it from 10, and the Remainder is 8; then I carry the 1 
that I borrowed to the 4, which makes 5, and, there being 
nothing over the 4, 1 take 5 from 10, and the Remainder is 
5; then I carry the 1 to the 9, which makes 10; now 10 

from 8 I cannot, but 10 from 18, as in whole Numbers, and 
there remains 8; and the 1 2 be carried to the 6, as in 
Subtraction of whole Numbers. The other Examples are 
performed in the fame Manner. And the Proof is the ſame 
as in whole Numbers, that is, add the Remainder to the Sum 
ſubtracted, and it makes the ſame as the Number it was ſub- 


trated from, 
1 | Mutriplication 


* 
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Multiplication of Decimal Fractions. 


Article 42. To multiply Decimal Fractions. ws 
' Rule. This is performed in the ſame Manner as in Multi- 
plication of whole Numbers; only, when the Multiplication 
is ended, there muſt be as many Places cut off in the Product,, 
for Decimals, as there are decimal Places in the Multiplier and 


Multiplicand. | 
Exam. 1. © Exam. 2. 
Multiply 327.1058 Multiply, .75 
By 6.735 By . 25 
16355290 | 375 
9813174 I50 
22897400 _ : | 
16355290 Product .1875 


Product 1875.9517630 


"Exam, 1. The Multiplication being performed as in whole 
Numbers, ſeven Places muſt be marked off for Decimals, be- 
cauſe there are four decimal Places in the Multiplicand, and 
three in the Multiplier; therefore the Product is 1875.95 1763, 
the Cypher on the right Hand, or laſt Place, being of no 
Signification. 3 

Exam. 2. Multiply as in whole Numbers, and the Product 
is 1875, which muſt be all marked off for Pecimals, becauſe 
"there are four decimal Places in the given Numbers, viz. two 
in the Multiplier and two in the Multiplicand. 


Ezam * © Exam. 4. 
Multiply 3.125 Multiply 7 2.04 
By 08 ” 4008... 
Product .25000 43224 
14408 : 


Product 187 3.04 


Exam. 3. There are three decimal Places in the Multi- 
plicand, and two in the Multiplier, therefore 9 
3 2 ve 
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five Places marked off in the Product for Decimals, which are 
all the Figures of the Product: Whence the Product is ,25, 
rejecting the Cyphers as inſignificant, © — 

In the fourth Example, there are but two decimal Places in 
the Multiplicand, and none in the Multiplier, therefore there 
are but two Places to be marked off for Decimals in the 


Product. | RR 
Exam. 5. Exam. 6. i | Exam. 1201 
Multiply .13082 _ Multiply . 725 Multiply .0125 
By .22463 By ,0083 By 03 
— — 25 ——— 
39246 2175 000375 
78492 35800 1 
52328 7 — 
26164 | .coobor75 - 
26164 | | | 
.0293860966 


In each of theſe Examples, the Number of Decimal Places 
in the reſpective Multipliers and Multiplicands exceed the 
Number of Places in the Products; therefore Cyphers are an- 
nexed to the left Hand, to make the Number. of Places of 
Decimals in the ſeveral Products equal to the decimal Places 
in their given Multipliers and Multiplicands. | 

The Learner will ſee, from the next Examples, that, if 
Cyphers were not to be prefixed to the left Hand of the 
Product, to make the Number of Places of Decimal Fractions 
equal to thoſe in the Numbers multiplied, the Product will 


be erroneous, 


Exam. 8. : Exam. 9. 


Multiply 2. Multiply . 2 
By . 3 By . 3 
6 . 06 


Now, if a Cypher was not prefixed to the ninth Example, 
the Product of both Multiplications would be the ſame, which 
is abſurd, 1 | 
In multiplying whole Numbers with 3 or 4 decimal Places 
annexed both to the Multiplier and Multiplicand, the Work 


is ſomewhat tedious z\ and it often is not neceſſary to have the 
I 2 Product 
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Product nearer than to 3 or 4 Places of Decimak, a thouſandth 
or a ten-thouſandth Part of the Integer being near enough in 
moſt Caſes ; it will be proper, therefore, to inſtru the young 
Mathematician how to contract Multiplication, ſo as to have 
but juſt ſo many Places of Decimals in the Product as are 
thought neceſſary. | 


Article 43. To contract Multiplication. 

Rule. Place the Units of the Multiplier under the ſame 
decimal Place of the Multiplicand, as is required to be the 
Kft Place in the Product, and invert all the other Figures of 
the Multiplier ; then begin multiplying each Figure, at that 
which ftands immediately over it, adding what is to be carried 
from the Figure that ſtands next to it on the right Hand, as 
will be ſhewn in the following Examples. 


Exam. 1. Exam. 2. 
Multiply 579.8 3652 Multiply 385.7 3974 
By 7.40539 to make By 28.52734 to make 
four Places of Decimals in the four Places of Decimils in the 
Product. Product. 
579.836 52 385. 73974 
. 93564. 7 252 43725.82 
405885 56 77147948 
2319346 30859179 
347902 2 1928699 
28992 77148 
1740 27001 
521 1157 
— _ 154 
4328. 7057 — 
11004. 1286 


Exam. x. The Figures of the Multiplier being inverted, 
and the Units ſet under the fourth Place of Decimals, multiply 
the 7 into the 5 which is over it, and the Product is 35; but, 
as there is a 2 to the right Hand, which being multiplied 
into 7 is 14, from which 1 ought to be carried, and, as 
the Exceſs above 10 is but 4, there muſt be only 1 carried, 
which makes 36, ſet down the 6 and carry the 3, proceed- 
ing to multiply the 7 thro” all the other Figures in the Mul- 
tiplicand, as in common Multiplication : Then begin multi- 
plying by the 4, firſt into the 5, which ſtands next to the 

| Figure 
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Figure that is over it, in order to know what muſt be carried, 
and the Product is 20; therefore 2 muſt be carried; then 
ſay, 4 times 6 is 24, and 2 that I carried is 26 ; now ſet 
down this 6 under the former 6, carrying 2 to the next, and 
proceed as in cemmon Multiplication, In the ſame Manner 
every Figure muſt firſt be multiplied into that which ſtands 
next to the Figure that is over it, in order to know what is 
to be carried ; and, if it makes 5 above any Number of Tens, 
one. more muſt be carried for that 5, z. e. if it amounts to- 15 
you muſt carry 2, if to 25 you muſt carry 3, &c. becauſe, in 
Caſe all the Figures were multiplied, the odd ones in caſting- 
up increaſe to Tens, For which Reaſon, in multiplying. by 
the 3, tho' that, being multiplied into the 8 which ftands 
next to it, makes but 24, yet, as there was a 4 rejected in 
the firſt Line, i. e. I carried but 1 for 14, therefore I here 
carry 3, tho” it is not more than 24. And, if this be, care- 
fully obſerved, there will ſcarce be a ten-thouſandth Part of an 
Unit loſt in this Method; as is the Caſe here, for all the 
Figures being multiplied in the common Way, the Product 
is 4328.7057 . | 1 

Exam. 2. This being done in the ſame Manner, the Pro- 
duct is 11004. 1286; and, if done at full Length, is 
11004. 1287144916, little more than one hundred-thouſandth 
Part of an Unit more than comes out in the Contraction, 
which is nearer than is neceſſary in moſt common Affairs; 
where it will be ſufficiently near if contracted to two Places 
of Decimals. Inſtead of giving other Examples, I ſhall ſet 
down the two former contracted to two Places, by which the 
Learner will ſee that the Difference is ſo little, as not to 
worth the Trouble in common Caſes, 


Exam. 1. Exam. 2. 
579-83652 385.73974 

935047 : 1375.94 
405886 771479 
23193 308592 
3479 19207 
290 771 
17 270 

5 12 
4328.70 — ——— 
11004. 13 


Exam. x, 


E 
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- Exam. 1. In multiplying by the 7 it muſt be obſerved, 
that, tho” 7 times 6 is but 42, yet, as there is a 5 in the next 
Place, which being multiplied by 7 is 35, and from which, ac- 
cording to this Rule, 4 ſhould be carried, this will make it 
46; ſo that 5 muſt be carried to the 21, ariſing from multi- 
plying the 7 into the 3 that ſtands over it, which makes it 26 ; 
ſet down the 6, and proceed in the Multiplication as before ; 
in ſuch ſhort Contractions always taking Care not to omit 
carrying to the full Extent of the Rule, The Product here 
falls ſhort but . oo5; which, if it were in Foot-Meaſure, is 
not the y of an Inch; but, in the Fraction of a Pound 
Sterling, is ſomewhat more than one Penny, 

Exam. 2. In multiplying by the 2 I carry 1, but in mul- 
tiplying by the 8 I carry 8; becauſe the 7 being multiplied 
by 8 makes 56 ; then multiplying the g by 8, and carrying 
5 from the 56, it makes 77, which is more than is required 
for carrying 8 by the Rule. The fame Rule being obſerved 
in the other Figures, the Product is 1 1004. 13, which is but 
013 more than before; and which, in the Fraction of a 
Foot, is one hundredth Part of an Inch, or little more ; but, in 
the Fraction of a Pound, is ſomewhat more than one Farthing. 


Art. 44. Diviſion of Decimal Fractions. 


| Rule. Divide, in all Reſpects, as in whole Numbers; only 
there is ſome Difficulty in aſcertaining the Number of Decimal 
Places in the Quotient, which ſhall be taught in the Examples. 


Exam. 1. Divide 75. 2064 Exam. 2. Divide 836.1705 


By 6.384 Sy 14.75 
6.384) 75. 20764 (11.78 12.75) 36.1705 (65.582 
6.2384 76.50 
11367 | 7117 
_ 6384 6375 
49836 7420 
44088 6375 
51484 | „ 
$1072 10200 
| | 2550 
25 50 


0 


as 1 
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Bram. 1. Divide according to the Rule in common Arith- 
metic, and the Quotient is 1178. In order to know how 
many Places muſt be marked off, by a Dot, for Decimals, cut 
off in the Product firſt ſubtracted from the Dividend, that is 
6384, as many Places of Fractions as there are in the Diviſor, 
which in this Caſe is three. Amongſt theſe Figures obſerve 
which ſtands in the Place of Units, which is the 6; then 
obſerve the Denomination or Power of the Figure in the Divi- 
dend that ſtands over this 6, which is the 7, and. that ſtands 
in the Place of Tens, for the 5 is in the Place of Units in the 
Dividend: Therefore, the Dot muſt be ſo placed in the 
Quotient, that the.firſt Figure, 1, may be of the ſame Deno- 
mination or Power with the 7 in the Dividend, which ſtood 
over the 6, the Units Place in the firſt Product ſubtracted 
from the Dividend ; that is, as the 7 in the Dividend is in the 
ſecond Place of Integers, or Place of Tens, fo muſt the firſt 
Figure, 1, in the Quotient be in the ſecond Place of Integers, 
or Place of Tens ; therefore the Dot muſt be placed between 
the ſecond and third Figures: Thus is 11.78 the Quotient 
ſought. | : 7 | 

In the ſecond Example, the firſt Product, 7650, has two 
Places cut off for Decimal Fractions, there being two Places 
in the Diviſor ; the 6 ſtands in the Units Place, over which 
in the Dividend is the 3, in the ſecond Place of Integers, or 
Place of Tens; therefore the 6, the firſt Figure in the Quo- 
tient, muſt be the Place of Tens: So is 65.582 the true 
Quotient ſought. 5 


— 


| Exam. 3. Exam. 4. 
54-7) 99-465 (1.81 407.) 3265.79 (6.93 
54.7 2802. - 
4476 A | 4637 1 
4376 4473 
1005 5 1649 
547 1491 
458 158 


Exam. 3. Cutting off one Place of Fractions in the Product 
547, which is firſt ſubtracted from the Dividend, the 4 will 
be in the Place of Units; which ſtanding under the , in 
the Place of Units in the Dividend, the Dot muſt be ſo p 


* 
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in the Quotient that the firſt Figure of it may be in the Place 
of Units; that is, the Dot muſt be placed in the Quotient 
between the firſt and ſecond Figures. 

Exam. 4. There ＋ no F ractions in the Diviſor, I place 
the Dot to the righ t Hand of the Product 2802, and the 2 
will be then in the Place of Unites; which ſtanding under the 
5, in the Place of Units in the Bividend, I place the Dot in 


the Quotient as in the laſt Example. 
Exam. 5. Exam. 6. 
75-3) 42.8547 (.569 4-87) 3-57601 (.734 
376.8 | 34-09 
5204 1670 
4518 1461 
6867 | 2091 
6777 1948 $57 70 
143 


Exam. 85 The Diviſion being _ and there being _ 
rations in the Diviſor, I cut off one Fi 

Fra&tions in the Product 3765 ; then the 6 is in the Place of of 

Units; and, it ſtanding under the 8 in the Dividend, which is 


. the firſt Place of F rations, place the Dot fo that the 5, the 
firſt Figure in the Quotient, may be in the firſt Place of 


Fractions: Whence .569 is the Quotient. 

The ſixth Example is Yoke in the ſame Manner, 

If the Diviſor conſiſts of more Places than the Dividend, 
annex Cyphers, at Pleaſure, to the right Hand of the Decimal 
F — of the Dividend, for theſe do not alter the Value of 
the Dividend; and then proceed with the Diviſion by the 
Rule already given, as in the following Examples. 


Exam. 7. Exam. 8. 
3.9827) 24. 500 (6.21 41.756) 5. 7 30000 (. 137 
23.8962 2 7 56 
85380 155440 
796 54 125268 
+ - _ _ | e 
39827 ; 292292 
17433 n 9428 
5 Ewan. 7. 
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Exam. 7. Obſerving that there are not ſo many Figures in 
the Dividend as there are in the Diviſor, I annex Cyphers 
to the right Hand of the Fraction in the Dividend, after 
which the Operation proceeds as before: And, in annexing of 
Cyphers, I am at Liberty to annex as many as are thought 
convenient, and of which the Learner, from a little Expe- 
rience, will be able to form a Judgment. 

And, after all the Figures in the Dividend are taken down, 
if it is convenient to continue the Diviſion to a farther Degree 
of Exactneſs, it may be done by continuing to take down 
Cyphers, as if they had been annexed to the Dividend, as in 
the following Examples, 1 


Exam. 9. | Exam. 10. 
4.25) 79.18 (18.6 75.) 48.31 (.6441 
8 * 
3668 0 331 
| 3400 pt, 300 
2680 | 310 
2550 | '£ 
1300 100 
1275 75 
25 ; 28 


Exam. 9. Aﬀer the Dividend has been all taken down, 
there remains 268, to which I take down a Cypher ; and, 
proceeding with my Diviſion, there remains 130; to which I 
take down another Cypher, and continue the Diviſion : This 
may be done at Pleaſure; and, after the Diviſion is ſtopped, 
the Quotient is ſtill ſet off by the ſame Rule. | 

And ſo of the tenth Example. 

But now, if, after the Diviſion is ended, it appears that the 
firſt Figure in the Quotient is in the ſecond, third, fourth, or 
any other Place of Fractions below the firſt, then prefix ſo. 
many Cyphers to the left Hand of the Quotient as will deprefs 
the firſt Figure in the Quotient to the Denomination required, 
as in the following Examples, 15 


3 Exam. 11, 


— — — — — — 
FE ˙¹ü — 7 ̃ 
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nn. Exam. 12. 
45.7) 7893 ((% . 245.) 1.3652 (. 0055 
5 45-7 K. | Me: 4 ; 
3323 1402 | 
3199 1225 
„ 77 


Exam. 11. The Diviſion being ended, and there being one 
Fraction in the Diviſor, I cut off one Fraction in the Pro- 
duct 457; and then, the 5 in the Units Place ſtanding under 
the 8 in the ſecond Place of Fractions in the Dividend, place 
one Cypher to the left Hand of the 1 in the Quotient, and 
the Dot to the left Hand of the Cypher: So is . 017 the 
Quotient ſought. . ; . | 

Exam. 12. The Diviſion being ended, and there being no 
Fractions in the Diviſor, I obſerve, that the 5 in the Units 
Place in the Product 1225 is under the 5 in the third Place of 
Fractions in the Dividend; therefore place two Cyphers to the 
left Hand of the 5 in the Quotient, and the Dot to the left 
Hand of the Cyphers : So is .0055 the Quotient fought. 


Exam. 1 1 Exam. 14. 
753-) 9265 (.0012 476.) .3182 (.0006 
8 „ 
| 1506 | 

229 


Exam. 13. The Diviſion being ended, and there being no 
Fractions in the Diviſor, and the 3 in the Units Place in the 
Product ſtanding under the 6 in the third Place of Fractions 


in the Dividend, I place two Cyphers and the Dot to the 


left Hand of the Quotient, as in the Example. | 
In the fourteenth Example, I muſt place three Cyphers to 


the left Hand of the Quotient Figure: So is . ooo6 the Quo- 
tient fought, | 


It 
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It may happen, that there may be no Integers in the Pro- 
duct that is firſt ſubtracted from the Dividend; in this Caſe, 
the Place of Units muſt be ſupplied in the Mind; or, to make 
it more eaſy to the Learner, after the Fractions are ſeparated 
in the Product which is firſt ſubtracted from the Dividend, 

ce a Cypher to the left Hand of the Dot, which repreſent- 
ing the Place of Units, the Quotient may be marked off as 
before, as in theſe Examples. | | 


4 


Exam. 15. þ Exam. 16. 
135) 7.2496 (53-7 25) 78.94 (315.7 
0.675 G7S. © 
499 13 
405 | 1 
946 144 
945 * 4 
1 8 190 
ic I75 
15 


Exam. 15. There being three Fractions in the Diviſor, the 
firſt Product 675, which is to be ſubtracted, is to be ſet off 
for Fractions, and I ſupply the Units Place with a Cypher; 
which, if the Dividend, had been continued to the left Hand, 
| would have been under the Place of Tens, for the 6 ſtands 
under the Place of Units in the Dividend ; therefore place the 
Dot in the Quotient ſo that its firſt Figure to the left Hand 
may be in the Place of Tens. 55 

xam. 16, Having placed a Cypher to repreſent the Place of 
Units in the Product firſt ſubtracted from the Dividend, and as 
the 7 in the Product ſtands under the 7 in the ſecond Place of 
Integers in the Dividend; therefore, if the Dividend had been 
continued to the leſt Hand, the Cypher in the Place of Units 
would have been under the third Place of Integers in the 
Dividend; and therefore I place the Dot in the Quotient 
accordingly. | av 


K 2 Exam, 17. 


* 
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| Tran 17. 9 by gs 
+024) 7.35 (306.25 051) .876 (17.17 

0.072 | f o. 05 T | 
"D&S Aa na 

T44 5. 357 

60 90 . 

48 0 1 51 . 

120 390 

120 . 357 

O0 WS 


Exam. 17. Here I place a Cypher to the left Hand of the 
72, to have as many Fractions in the Product as there are 
in the Diviſor; then I place a Dot, and a Cypher to the left 
of that, for the Place of Units; which would have been under 
the third Place of Integers, if the Dividend had been con- 
tinued to the left Hand ; and therefore I place the Dot in the 
Quotient accordingly. 

The eighteenth Example is done in the fame Manner. 

Now the Reader is a little familiar with theſe Operations, 
he may learn to fix the Quotient before the Diviſion is ended; 
which, in ſome Caſes, may fave Labour ; for, as ſoon as the 
firſt Subtraction is made, the Reader may diſtinguiſh what 
will be the Denomination of the firſt Figure in the Quotient; 
and fo know to how many Figures he ſhould continue the 
28 to have two Places of it Decimals, which, in moſt 

aſes, are ſufficient, As ſuppoſe, Es 


24-7) 5498.6734 (2 . 
49-4 | 


5 


J obſerve, that the 9 in the Place of Units ſtands under 
the Place of Hundreds in the Dividend; which being in the 
third Place of Integers, I muſt continue the Diviſion to five 
Figures in the Quotient, to have two of them Decimals ; and, 
if all the Dividend ſhould not be taken down, the reſt may 
be neglected, if two Places of Fractions are near enough; _— 
| 1 
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if there are not Figures enough in the Dividend to continue the 
Quotient to ſo many Places as are wanted, then that muſt be 
ſupplied by taking down Cyphers, as in the former Examples. 

There is another Way of determining the Number of 
Decimals in the Quotient; which is this, count the Number 
of Decimals in the Diviſor, and then the Number of Decimals 


in the Dividend; and, if there are more Places of Decimals in 


the Dividend than there are in the Diviſor, mark off ſo many 
Places for Decimals in. the Quotient as the Number of Decimals 
in the Dividend exceed the Diviſor. Thus, in Example 1, 
there are five decimal Places in the Dividend, and but three 
in the Diviſor, therefore there muſt be two in the Quotient. 
In the ſecond Example, there are four Places of Decimals in 
the Dividend, and but two in the Diviſor, for which Reaſon 
there are two Places cut off in the Quotient. But, in this 
Caſe, it muſt be carefully obſerved, whether in the Operation 
any Cyphers have been added to the Dividend; for, if there 
. have been Cyphers added, they muſt be reckoned as fo many 
Places of Fractions. - | | 


Exam. 19. | Exam. 20. 
16) 432. (2700, ' 2:5) 18400 (7360 
__ I7.5 
112 | 90 
112 75 
* 150 
150 
0 


Exam. 19. There being no Units Place in the Diviſor, if it 
was ſupplied by putting a Cypher in the Units Place, to the 
left Hand of the firſt Product 32, that Cypher would ſtand 
one Place higher than the firſt Figure, 4, in the Dividend, 
that is, in the Place of Thouſands; therefore the 2, the firſt 
Figure in the Quotient, muſt be in the Place of Thouſands; 
but, as there are but two Figures in the Quotient, and the 
Diviſion being ended, the Places of Tens and Units muſt be 
ſupplied with Cyphers: So is 2700. the Quotient ſought. 
— 20. The Units Place in the firſt Produ ſands under 
the 8 in the Dividend, which is the fourth Place of Integers, 
or Place of Thouſands ; therefore the firſt Figure in the Quo- 


tient 


tient muſt be Thouſands; but, as there are no more than three 
Phces of Figures in the Quotient, and the Diviſion being 
ended, a Cypher muſt be annexed to ſupply the Units Place. 
To give the Learner a clearer Idea of Diviſion of Decimals, 
let 925 be propoſed to be divided by 25 firſt in whole Num. 
bers, and afterwards by reducing firſt the Diviſor, and then the 
Dividend, gradually, to Decimal Fractions; by which the 


Reaſon of the Difference of the Quotients will appear, 


25.) 925- (37. 2.5) 925. ( 370. 
75 | 7-5 
175 175 
175 | | 175 
— — 
| Q Q 
*-25 ) 925, ( 3700, O25 ) 925. { 37000, 
75 O75 | 
175 775 
175 | 175 
© : O 
25.) 92.5 (3.7 25.) 9.25 (37 
* (pn 
175 175 
175 | 2 gs 175 
0 0 
25.) 925 (. 037 25.) . 0925 (. 0037 
75 75 
175 ” 175 
175 | I75 
© . 0 


By theſe eight Examples it may be ſeen, that, tho' the 
Figures in the Quotient are ſtill the ſame, yet they vary in 
; ination or Power, as the Diviſo; or Dividend are 

made 
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made Fractions; increaſing, by making the Diviſor a Decimal, 
from 37 to 37000.; and decreaſing, by making the Dividend a 
Fraction, from 37 to .003j. The Truth of any of theſe 
Operations may be proved by multiplying the Diviſor and 
Quotient, and marking the Decimals in the Products accord- 
ing to the Rule for Multiplication z which will then agree 
with the Dividend, in Integers and Fractions, if the Work 
is true. | 
When there are many Figures in the Diviſor in Diviſion 
of Decimals, and the ——.— is required only to be very 
near the Truth, the Work may be contracted, ſo as to fave 
Trouble, without any conſiderable Loſs. 


Article 45. To contract Diviſion of Decimalss. 
Nule. Firſt cut off from the Diviſor all the Places beyond 
the fourth, at leaſt, if not to the third; then begin dividing 
- the Dividend, and find the Denomination of the firſt Figure 
in the Quotient, by Art. 44: By this is known how many 
Figures are required in the Quotient to bring out the Number 
of Decimal deſigned : As for Example, if you deſign to have 
three Places of Decimals, and the firſt Figure in the Quotient 
is in the Units Place, then you muſt have four Figures in the 
Quotient; if it be Tens, there will be five Places; if it be 
Hundreds, there will be fix, Cc. that is, you muſt have ſo 
many Figures in the Quotient, that, after the required Num- 
ber of Decimals in the Quotient are ſet off, the firſt Figure in 
the Quotient may be of that Denomination as is required by 
the Rule for Diviſion of Decimals. Now, knowing how 
many Places of Figures are required in the Quotient, obſerve 
whether the Diviſor has the ſame Number of Figures as are 
required in the Quotient ; and, if it has, procced to dividing, 
after having cut off the Figures in the Dividend (if there 
be any) beyond where the firſt Product reached. The reſt 
ſhall be ſhewn in the Examples, 


Exam. 1. 


Divide 3946.87 503 
By 4.27 53, ſo as to have three Places of Decimals. 


4.27513) 3946.875197 (9 
38-475 


993. 2. 
51 ' Exam. I, 


2 MATHEMATICS. 

Exam. 1. Having reduced the Diviſor to three Places of 
Decimals, by cutting off the 3 in the fourth Place with a 
Daſh, I proceed to on as in the uſual roar of 2 
by placing the Quotient Figure, , in the Quotient, an 
1 the Drier by r has 38475 for the firſt 
Product; three Places of which being marked off as Decimals, 
becauſe there are three decimal Places in the Diviſor, I find 
the 8 in the Place of Units in the Product ſtands under the q in 
the Place of Hundreds in the Dividend ; therefore the firſt 
Figure, 9, in the Quotient muſt be in the Place of Hundreds ; 
ſo that the Quotient muſt have fix Figures, viz. three Places 
of Integers and three of Decimals ; which being more Figures 
by two than there are in the Diviſor, there muſt be two 

igures left in the Dividend beyond where the firſt Product 
reached, and but two cut off, viz. the ꝙ and the 7, at the End: 
But, if the Diviſor had conſiſted of as many Places as are re- 
quired in the Quotient, the laſt four Figures might have been 
cut off: I ſhal), therefore, ſet it down excluſive of thoſe two 
Figures, and perform the Remainder of the Work. 


4-275 ) 3946-875 ( 923-246 
5 „ 0 38.475 ® © 


When the two remainin Figures of the Dividend are 
taken down, as in common Diviſion, I put a Dot under the 
5, the laſt Figure in the Diviſor, to denote that it is not to 

| | be 
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be uſed in the future Part of the Work: Then aſking how: 
many times 427, the other three Figures of the Diviſor, may 
be had in the Remainder 1050, which is now the Dividend, 
or how many times 4 can be had in to, according to the 
uſual Method, I find I can have it twice; therefore, put- 
ting the 2 in the Quotient, I multiply the Diviſor 4.27 by 
2, (having firſt multiplied the 2 into the 5 that is rejected, 
in order to know what Increaſe is to be carried, which is 1, 
for twice 5 is 10, from whence 1 muſt be carried) ſaying, 
twice 7 is 14, and the 1 that I carried is 15 therefore I ſet 
down the 5, and carry the 1; then ſay, twice 2 is 4, and the 
1 that I carried is 5 laſtly, twice 4 is 8, which I ſet down; 
now ſubtract this Product 855 from 1050, and the Remainder 
is the next Dividend : Then putting a Dot under the 7 in the 
Diviſor, to denote that it is to be rejected, I aſk how many 
times 42 I can have in 195, or how many times 4 can be had 
in 19, according to the uſual Method, which I find is 4 
times; then ſetting down the 4 in the Quotient, and mul- 
tiplying the 7 which was laſt marked off, to know what In- 
creaſe muſt be carried, I ſay, 4 times 7 is 28; which being 
more than 25, I carry 3, as was taught in centracted Mul- 
tiplication ; then ſay, 4 times 2 is 8, and the 3 that I carried 
is 11, from which x muſt be carried; laſtly, 4 times 4 is 
16, and the 1 that I carried is 17, which I ſet down; now 
ſubtract this Product from 195, and the Remainder is 24, 
which is now the Dividend: Then, putting a Dot under the 
2 in the Diviſor, I aſk how many times 4, the only remain- 
ing Figure of the Diviſor, I can have in 24, and the Anſwer 
is 6 times: So that the Quotient to three Places of Decimals, 
as was required, is 923.246. But, in regard that 6 times 
4 is 24, which is all that is in the Dividend, it appears from 
hence, that this Quotient rather exceeds than falls ſhort of the 
true Quotient ; becauſe, according to the Rule of carrying the 
Increaſe ariſing from the rejected Figures, it would make 25, 
if we regard only the multiplying the 6 into the 2; tho', the 
Figure beyond that being a 7, and, as 6 times 7 is 42, if that 
4 is carried to the 6 times 2, it will make 16; from which 
carrying 2, according to the Strictneſs of the Rule, it will 
make 26, which is too much. By working this Example at 
Length, I find the Quotient is 923.24584, &c. which is but 
little more than one ten-thouſandth Part of an Unit leſs than 
the other, This I thought proper to remark, to ſhew the 
Learner how near the ERS Mehod comes to the Truth; 
} | of 4 
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ind, at the ſame Time, the Work itſelf ſhews whether it 
be too little or too much, tho only by ſuch a Trifle, 


Bram. 2. | Exam. 3. | 29 
Divide 417. 865942 Divide 2748.842009 
| Buy 25.293, to have By 42.1763, to have 
three decimal Places. three decimal Places. 
25.293) 417.8605942 (16.521 42.1763) 27483. 84 (209 (651.642 
n 3 12 
| 16493 | e eee 
15176 | 210882 
1317 9924 
1265 4217 
* 22707 
50 25 30 
2 177 
2 | 168 
© 9 
8 
I 


Exam. 2. The firſt Figure in the Quotient appearing, by 
Art. 44, to be in the Place of Tens, there muſt be five Figures 
in the Quotient, in order to have three Places of Decimals, as 
required; and, there being five Places of Figures in the Di- 
viſor, I cut off the other four Figures in the Dividend: Then, 
12 to mark off one Figure in the Diviſor each Time, 

firſt inquire how many times 25. 20 can be had in the Re- 
mainder 16493, which is the preſent Dividend, or how man 
times 2 can be had in 16, as uſual ; and I find I can have it 
6 times; therefore, I ſay 6 times 3, the Figure that is marked 
off, is 18, for which I carry 2, it being near 20; then ſay 
6 times 9 is 54, and the 2 that I carried is 56 ; now put down 
the 6 and carry the 5, as in common Multiplication ;- and, 
the Product being obtained, ſubtract it from the Dividend, and 
the Remainder 1317 is the next Dividend: Then marking off 
the 9, the ſecond Figure in the Diviſor, I aſk how often 25.2 
can be had in this Dividend, and I find I can have it 5 pk 

| ying 
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ſaying 5 times 9 is 45, for which I carry 53 then fay 5 
- times 2 is 10, and the 5 that J carried is 15 ; now ſet down 
the 5, and proceed to the reſt; and the Product is 1265, 
which, being ſubtrafted from the Dividend, leaves 52 for the 
next Dividend: Then marking off the 2, the third Figure 
in the Diviſor, I aſk how many times 25 may be had in 
52, which is twice; then multiply and ſubtract as before, and 
there remains 2: Laſtly, mark off the 5, and then the Diviſor 
is reduced to the'2, which may be had once in 2, and the 
Work is ended. The other Example is done the fame Way; 
always obſerving to have Regard to what is to be carried on 
account of the Figures marked off in the Diviſor. 


Thus having gone thro* the Addition, Subtraction, Multi- 
plication, and Diviſion of Decimal Fractions, it will now be 
proper to inſtruct the Learner in the Articles of Reduction; 
which, not being neceſſary before, could not have been fo 
well underſtood, as the Method of doing them requires the 
Knowledge of ſome of thoſe Rules. | 


Reduction of Decimal Frattiens. 


There are three Rules of Reduction of Decimals, vis, To 
reduce Vulgar Fractions to Decimal Fractions ; To find the 
Value of Decimal Fractions in the accuſtomary Diviſions of 
Coin, Weights, Meaſures, &c. And to reduce the cuſtomary 
Diviſions of Coin, Weights, Meaſures, c. into Decimals of 
the reſpective Integers. | 


Article 46. To reduce Vulgar Fractions to Decimals of the 
ſame Value. „ | 
Keule. Annex Cyphers, at Pleaſure, to the Numerator, 
marking them as Decimals; then divide by the Denominator, 
and ſet off the Quotient according to the Rule for Diviſion of 
Decimals, conſidering the Diviſor as Integers; and this will 
be the Decimal ſought in lieu of the Vulgar Fraction: And, 
if the Diviſion ſhould not be ended, the Quotient may be 
continued to any Degree of Exactneſs by taking down Cyphers, 
as has been taught in the Diviſion of Decimal Fractions. 


L 2 4 Exam. 
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Reduce 2 to a De- Reduce to a De- Reduce g to a De- 
eimal Fracien. eimal Fracton. cial Fraction. 


5.) 2.0 (4 Anſ. 8.) 1.000 (. 125 16.)5.00000(,3125 
20. 8. 4.8 


— — 
20 1 
6 16 
— — 
40 40 
40 32 
— —— 
Q. 80 
80 
— — 
2 


Exam. 1. Annex a Cypher to the Numerator 2, and mark 
the Cypher for a Fraction; then divide by the Denominator 5, 


| which muſt be conſidered as an Integer, and the Quotient is 4; 


which muſt be in the firſt Place of Decimals, as che o, in the 
Units Place in the Product which is ſubtracted from the 
Dividend, ſtands under the firſt Place of Fractions in the 
Dividend. PL A OF 2 
Exam. 2. Here three Cyphers are annexed, but a greater 
or leſs Number might have been annexed ; the Diviſton being 
ended, the Quotient is . 125, according to the Rule for Diviſion 
of Decimals. | 

So, in the third Example, the Quotient is. 3125, a Decimal 


Fradtion in lieu of the given Vulgar Fraction 28. s 
Exam. 4. Reduce 2, to 2 Exam. 5, Reduce = Dd a 
Decimal Fraftion, 2 Decimal Fraction. 
20.) 3-000 (. 15 An.. 156.) 1.0000 (.0625 Anſ. 
nA : 96 | 
oo | | 40 
100 | 32 
0 | 80 
A 80 


— 
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Exam. 4. The Diviſion is. complete by the ſecond Sub- 

gaction; therefore the laſt Cypher needs not be taken down. 
Exam. 5. The firſt Product 96 being placed under the Di- 
vidend, and the 6, which is in the Place of Units, ſtanding 
under the ſecond Place of Decimals in the Dividend, therefore 
the firſt Figure in the Quotient muſt be in the ſecond Place 
of Decimals, by Art. 44; for which Reaſon a Cypher muſt 
be prefixed, and then ,0625 is the Decimal Fraction' equal 


to 77+ 
20 | | 
Exam, 6. Exam. 7. 
4 Reduce + to a Decimal Reduce -3-- to a Decimal 
Fraftion, | Faction. | 
3) 1.000 (-333, Cc. 176) 3-000 (. 17 
1 176. "MR 
— — 10 
10 1240 
9 1232 
10 
9 . 
I 


Exam. 6. The Remainder being the ſame at every Sub- 
traction, if Cyphers -were-continued to be annexed, the Quo- 
tient Figures would be 3, or the ſame, continually, however 
far continued: In all ſuch Caſes, it is uſual to ſet -down as 
many Places of Fractions in the Quotient at once as may be 
thought neceſſary, | | 

Exam. 7. After two Figures are obtained in the Quotient, 
(which are the ſecond 'and third Places of Decimals, by 
Art. 44) the Remainder is but 8; ſo that the next would be a 
Cypher; therefore the Diviſion is ſtopped, as it may not be 

neceſſary to continue the Diviſion by annexing more Cyphers, 


Article 47, To find the Value of Decimal Fractions in the 
accuſto Diviſions of Coin, Weights, Meaſures, Cc. 

Rule. Multiply the Decimal Fraction by the next lower 
Denomination, which is to be conſidered in the Multiplication 
us Integers, and mark off the ſame Number of Plates for 
Decimals, by a Dot, as taught in Multiplieation of Decimal, 
ut Art. 42; and the whole Numbers, if any, are of the ſame 
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Denomination with the Number by which the Multiplication 
was made: Then multiply the Decimal ſo cut off by the next 
lower Denomination, ſtil} cutting off as many Fractions as 
there are in the Numbers multiplied, the Number by which 
the Multiplication was made being conſidered as Integers; and, 

if there are any whole Numbers cut off, they are of the ſame 
Denomination as the Number by which this Multiplication 

Was made: Then continue the Operation *til] you come at 
the loweſt Denomination into which the Integer is divided, 
and the whole Numbers cut off at each Multiplication will be 
the Value fought. - pt 


To find the Value of the following Fractions of a Pound 


Exam. 1, Exam. 2. Exam. 1 Exam. 4. 
Of. 5 Of .6 Of .8 Of. 9 
20 | 20. 20. 20. 
10.0 12. 0 by 16.0 F 18.0 


Exam. 1. The Fraction being of a Pound Sterling, multiply 
it by 20, the Shillings in a Pound, which mark as Integers; 
then in the Product cut off one Fraction, by Art. 42, and the 
Integers are 10, which are Shillings, and nothing remains: 
Hence 10. is the exact Value of. 5 of a Pound. So, in the 
fecond' Example, the Value is 12 5. exactly. And, in the 

& third Example, the exact Value is 167. And, in the fourth 


Example, it is r8 5. 
Exam. 5. Exam. 6. Exam, 7. Exam. 8. 
Of . 325 Of .475 Of-.825 Of 975 


20. | 20. | . 20, 
„ 6.500 9.500 17.500 109.500 
I I2, 12. 12. | 12. 

214 9 — * — — — 1 + wy my 
6.0000 6.000 6.000 b. ooo 


. 


ram. 5. The Fraction .325 being multiplied by 20, the 
1 in a. Pound, and that 20 being conſidered as 
Iategers, there muſt. be three Places of Fractions marked off 
zin the Product, by Art. 42; whence the 6 Integers are 6 
„ Lets [SES Shillings : 


fy 
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Shillings: But, as there is à remaining Fraction of . 500, 
which is the Fraction of a Shilling, multiply it by 12, the 
Pence in a Shilling; then ſet off the Product, by Art. 42, 
and we have 6 in the Place of Integers, which are Pence, that 
being the Denomination by which the laſt Multiplication was 
made: And, there being no Fraction remaining, the exact 


* Oy 


Value of .325 of a' Pound is 65. 64. r 
By the ſame Operation, the exact Value of the ſixth Ex- 
ample is 9s. Of the ſeventh Example, is 17s. 6d. And 
of the eighth Example, is 19s. 6. . 
In the four laſt Examples, after the Multiplication by 20, 
there are in the Product two Cyphers in the right Hand of 
the Decimal Fraction, which, being of no Value, might 
have been neglected, as in the following Examples; but, in 
ſuch Caſes, the Learner muſt carefully remember to cut off 
ſo many Places of Fractions leſs in the next Product; and, 
this Method being practiſed, I would recommend it to him, 
tho', for his Eaſe in underſtanding the Operation, the Cyphers 


were uſed in the laſt four Examples. 

Exam. 9. Exam. 10. Exam. 11. Exam. 12. 
Of .23z Of 72 Of 47 Of 77 
20. 4 l. 92990. 20. 

4.680 11.440 N 9.40 15. 40 
3 . 12. 12. 
8.16 5.28 4.8 4.8 

4+ . + 4+ 4+ 
64 1.12 3.2 9 


Exam. q. The Fraction being multiplied by 20, cut off 
three Fractions in the Product, there being ſo many in the 
Multiplicand, and the 4 Integers are 4 Shillings: The Fraction 
68 is the Fraction of a Shilling, multiply it therefore by 12, 
the Pence in a Shilling; now cut off but two Fractions in the 
Product, the Cypher to the right Hand of the Fraction being 
dropped, and the 8 in the Integers is 8 Pence: The Fraction 
16 being the Fraction of a Penny, multiply it by 4, the 
Farthings in a Penny; then cut off two Fractions, and we 
have no Integers: Whence the Value of. 234 of a. Pound 
is 45. 8 d. the Fraction ,64 of a Farthing may be neglected. 


By 
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By. the ſame Operation, the Anſwer to the tenth Example | 
is found to be 11s. 5d. 2; the Fraftion .12 of a Farthi 
being neglefted. The Anſwer to the eleventh Example is 
95. 44. +; the Fraction .2 of a Farthing being neglected. 
And the Anſwer to the twelfth Example is 15s. 4d. +. 


Exam. 13. Exam. 14. Exam. 15. Exam. 16. 
Of .ozz Of. . 049 Of. oog 


20. 20. 20. 

ny * — — 

o. 860 0.060 
12. 12 

10. 32 0.72 

. . 
3-04 1.28 —_— - 


Anf. 9s. 54.4. An. 104. 4. Anf. 114 4. Anf. 4. 
To find the Value of the following Fractions of a Yard, 
 #Exaonm. 17. Exam. 18. Exam. 19. Room. 20. 


0 Of 175 Of .236 
3. 3. 3· 1 

1.35 2.37 ger. | 708 
12. Rs | I2, 3 
4.20 4.44 6. 300 8.496 
4. 4. 4. 

, 1.76 1.2 | 1.984 


Exam. 17. This being the Fraction of a Yard, multiply 
it by 3, the Feet in a Yard; then cut off the Fractions, and 
we have 1 Foot, and . 35 of a Foot: Multiply the. 35 by 12, 
the Inches in a Foot; then cut off the Fractions, and we have 
4 Inches: So is x Foot, 4 Inches and . 2 the exact Value of 
45 of a Foot. 

In the ſame Manner are the Feet and Inches found in the 
eighteenth Example; but, there being a remaining Fraction 
of .44 of an Inch, to get your Value nearer the Truth, 

multiply 


. 


- 
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multiply it by 4, * Quarters in an Inch; as; neglecting 
the ILY Fraction, .96 of the Quarter of an Inch, the 
Anſwer is 2 Feet, 4 Inches, and 1 Quarter of an Inch. In 
the ſame Manner are found the Anſwers to the nineteenth and 
. twentieth Examples, the former being 6 Inches and 1 Quarter, 
and the latter 8 Inches and 1 Quarter. 

And, to find the Value of any Decimal FraQtion, it is only 
to multiply it by the ſeveral Denominations which compoſe the 
Integers af which the Decimal is a Fraction, beginning with 
the higheſt- Denomination next the Integer, and reckon 
theſe foveral Multipliers as whole Numbers; then mark off 
the Quotient according to Art. 42; and the Integers ſo found 
will be the Value of the Fraction ſought, and of the ſame 
Denomination reſpectively with that Number by which the 
Fraction was at that Time multiplied. 

To ſhew the Reader, that, tho' Fractions are changed from 
Vulgar to. Decimal, yet they are of the ſame Value, let us 
take the Vulgar-FraQion 532 Z of a Pound, and find its Value, 
by Art 35; then change *the Vulgar F raQtion into a Decimal, 
by Art. 46, and find the Value of this Decimal Fraction, by 
Art. 47, which will be the ſame with the Value — found. 


_. 960) 687. ol. 7 1564 f | 7186256 
20 67 20 . 20. 
96lo) 1374100145. „ 4 $.14-312500 
96 | an | 12. 
414 5400 d. 3.7500 
384 4800 | a: .. 
4 1 45? 1 
30 | 6000 9. 3.00 
a | ie yo : Mow | : | 
—— | — — „. | g 
96) 360(3 4. f 12 2 4400 9 '. Den 
288 46132! 2117 92 1920 188 Sad 
enn 4300 | | 
| Þ1., 4800 
6)288(2 9+ 0 
0 28830 9 * 
© 
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By this Operation, it appears that £57 of a Pound, or 
71 — the Decimal nals which it is changed, are both of 
the ſame Value, that is, 145. 3d. 4. 
_ - Suppoſe F of a Pound Sterling was given to find its Value | 
as a Vulgar Fraction, and then to reduce it to a Decimal Frac- 

tion, and find its Value when in Decimals. 


kd Wb 


_— Re SE 9) 7.0 
1 20 | bo 
14 | Ts. 7 
| 9) 140 (155. 20. 
= . Hs —4 
. 15.555540 
50 f 12. 
45 — — 
— 4. 6.66648 
0 5 | 4. 
12 — 
9. 2.66592 
9) 60 ( 6d. 
84 
0 
4 


9924 (29. 
18 


— — 


6 


By this Operation, it appears that 3, being reduced to a 
Decimal, is .777777 continually : I continued the Diviſion 
at Pleaſure, by ſupplying in my Mind the Dividend with 
Cyphers: And, as the Divifion will never end, we cannot 
have the exact Value of ; in Decimals ; but, tho' we cannot 
have its exact Value, yet we have the ſame Value in . 
155. 6d. 4, as in Vulgar Fractions; and the Error only affects 
the Remainder . 66 5902, which is ſomething too little. In the 
fame Manner the Reader may try any other Caſe, for his own 
Information. 

The Operation of changing Vulgar Fractions into Decimals 
is the fame as the common Rule of Three: Thus, to reduce 4 
to a Decimal: As ꝙ the Denominator is to 7 the Numerator, 
ſo is 10, or -I00, or 1000, or I0000 (according to the 
of | Number 
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Number of Places you would have in the Fraction) to the 
Decimal ſought. | 5 

If the Reader thinks proper, he may omit the following 
Method of finding the Value of a Decimal Fraction, and 
proceed to the next Article. & 

But, in the Fraction of a Pound Sterling, and in Foot - 
Meaſure, there is a much readier Way to find their Value 
than by the common Method of Reduction: Thus, in the 
Fraction of a Pound, the firſt Figure next the Dot being doubled 
is Shillings: And, if the ſecond Figure is leſs than 5, reckon 
that and the: next as ſo many Farthings; only, if they are 
more than 13, abate 1, or, mote than 38, abate 2: And the 
Farthings thus found, being added to the Shillings before found, 
will be the Value of the Decimal Fraction. | 

But, if the ſecond Figure ſhould be more than 3, then take 
5 from it, for which add 1 Shilling to the Shillings before 
found: And 5 being taken from the ſecond Figure, to the 
Remainder, if there is any, join the third Figure, and reckon 
them as Farthings ; if they are above 13, abate 1, or, if aboye 
38, abate 2, as before: And the Farthings thus found, being 
added to the Shillings before found, will be the Value of the 
Decimal Fraction. 

If the Fraction is-of four Places, the Value may be aſcer- 
tained a ſmall Matter nearer, by taking in the fourth Figure ; 
but, as this is not ſo neceſſary to my preſent Deſign, I ſhall 
_ _ and proceed to Examples, to illuſtrate what has 


The Value of. 2 of a Pound is 4 s. 
The Value of .5 of a Pound is 105. 
The Value of *7 of a Pound is 14 5. | 
The Value of. 9 of a Pound is 18s. this being no more but 
to double the firſt Figure. | 
The Value of .25 of a Pound is 55s. For the 2 being doubled 
is 47. and the ſecond Figure being a 5 is 1s,, and, this 
being added to the 4s. it makes 5s. for the Value of .25 
of a Pound. | 
The Value of .45 ofa Pound is 9s. For the 4 being doubled 
is 8s. to which adding 1 for the 5, it makes 9s. 
| The Value of. 75 of a Pound is 155. | 
And the Value of. 95 of a Pound is 195. | 
| The Value of .412 of a Pound is 8s. 3d. For the 4 being 
doubled is 8s. then, the ſecond Figure being under 5, and 
the ſecond and third Figures being leſs than 13, the 12 are 
M 2 reckoned 


* 
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e #6 Fartbings, which is 3d. Whence _ Value is 


The Value of 5 19 of a Pound is 105. 4d. 4: For the 5 
being doubled is 193. then abate 1 from the 19, and there 
remains 18, which are Farthings: Whence, the Value is 
10s. 4d. . 

The Value of. 741 of a Pound is 145. 94. 1: For the 
7 being doubled is 145. then from the 25 abate 2, and there 
remains 39, which are F arthings : So that the Value is 
145: 94. 4. 

The Value of 561 of a Pound is 115. 2d 3: For the 5 
being doubled is 105. then, the ſecond Figure being more 
than 5, ſubtract 5 from it, for which add 1 to the Shil- 
lings; and, when 5 is taken from the 6, there remains 13; 
to which join the third Figure, 1, and it makes 11, which 
are Farthings : Hence the Value is 115. 24. 4. 

To find the Value of. 785 ot a Pound: The 7 being doubled 
is 14s. then ſubtraft 5 from the 8, and ſor it add x to 
the Shillings; and, 5 being ſubtracted from the 8, there re- 
mains 3; to which joining the third Figure, 5, it makes 
7 from which abate 1, and there remains 34, which are 

arthings: Whence the Value is 155. 8 d. +. | 

To find the Value of .895 of a Pound: The 8 being doubled 
is 165. then ſubtract 5 ſrom the 9, for which add 1 to 
the Shillings; and, 5 being ſubtracted from the , there re- 
mains 43 to which joining the third Figure, 5, it makes 
45, from which abate 2, and there remains 43, Which are 

arthings : So that the Value is 174. 10d. 

If the Reader has an Inclination to fee dow neat theſe, or 
any other . Concluſions of this Sort, come to the Truth, he 


may find the Value of the Decimal Fraction by the former 
Part of this, Article. 


And, in the Fraction of a "Foot, if the firſt Fi igure is under 
reckon. the two firſt Figures as Half-Quarters of an Inch, 
ating 1, if they are above 13, or 2, if they are more than 
3: ut, if the firſt Figure ſhould be above 5, ſubttact 5 from 

and for the 5 reckon 6 Inches ; then, to what remains of 
the firſi Figure after the 5 is ſubtracted, join the ſecond Figure, 
and reckon theſe as Half-Quarters of an Inch; only, if they 
are above 13, abate 1, or, if e 38, abate 2, as in the 
Caſe of Farthings. 


Thus, 12 of a Foot is | 14 Half-Quarters N Inch, or 
+ Inch and an Half, 


.25 o+ 
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.25 of a Foot is 24 Half-Quarters of an Inch, or 3 Inches: 
For, from the 25 abating 1, there remains 24, which are 
Half-Quar ters, ; 18 * | _—_ 
45 of a Foot is 43 Half-Quarters of an Inch: For, from 
the 45 abating 2, there remains 43, which are. Half- 

Quarters, that is, 5 Inches and 3 Half-Quarters. 

65 of a Foot is 7 Inches and 6 Half-Quarters: For, ſub- 
tracting 5 from the 6, there remains 1, to which joining 
the 5, it is 15: Now, for the 5 ſubtracted reckon 6 
Inches; then from the 15 abate 1, and the remaining 14 
are Half-Quarters, or 1 Inch and 6 Half-Quarters; which, 
being added to the 6 Inches, makes 7 Inches and 6 Half- 
Quarters. 5 

.75 of a Foot is ꝗ Inches: For, ſubtracting 5 from the 
7, there remains 2, to which joining the 5, it makes 
25: Now for the 5 ſubtracted reckon 6 Inches; then from 
the 25 abate 1, and the remaining 24 are Half-Quarters, 
or 3 Inches; which, being added to the 6 Inches, makes 

Inches, 7 
A 04 of a Foot is 11 Inches and 2 Half-Quarters : For, 'ſub- 
tracing 5 from the 9, there remains 4, to which join 
the 4, and it is 44: Now for the 5 ſubtraQted, reckon 6 
Inches; then from the 44 abate 2, and the remaining 42 
are Half-Quarters, or 5 Inches and 2 Half-Quarters ;, which, 
being added to the 6 Inches, makes 'x1 Inches and 2 Half- 
Quarters or 1 Quarter. WT OO 

- The Reader may try the Accuracy of theſe Concluſions; by 

| finding the Value of the Decimal Fraction, by the former Part 
of this Article. If the Fraction had conſiſted of three Places, 
and the third Figure was above 5, in ſome Inſtances the 
Value of ſuch Fraction may be more accurately determined by 
taking the third Place of Fractions into Conſideration. 


Article 48. To reduce the Parts of Coin, Weights, Meaſures, 
c. into DNecimals, | 
Rule. Set down for a Dividend the given Parts, if they 
are of one Denomination, or, if they are of ſeveral, reduce 
them to the leaſt Denomination ; to this annex Cyphers, 
marked as Fraftions ; and then divide it by that Number 
which makes up the Integer, and is of the ſame Denomination 
with the Dividend, by Art, 44; and the Quotient is the 

Decimal ſought, 


Exam. 1. 
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Exam. 1. Reduce 11s. to the Exam. 2. Reduce 75. 94. to 


_ - Decimal of a Pound. 57 eiths Decimal of a Pound. 
20) 17.00 (85 75. 94, 
160 12 
x00 4᷑400 93.0000 (. 3875 
100 720 8 * 3 
o | 2100 
1920 
1800 
1680 
1200 
1200 
1 


Exam. 1. This being only Shillings, I annex Cyphers, and 
then divide by 20, the Shillings in a Pound: The Quotient 
85 is the Decimal ſought. 

Exam, 2. This being Shillings and Pence, they muſt firſt 
be reduced to Pence ; to which annex Cyphers, and then divide 
by 240, the Pence in a Pound: The Quotient .3875 is the 
Decimal ſought. | 


Exam. 3. Reduce 2d. to the Exam. 4. Reduce 3 4 Inches 
_ _ Decimal of a Pound, to the Decimal ot a Foot. 


24. 4 3+ 
4 4 
g60 ) 9.000000 ( .00937 5 48) 15.0000 (. 3125 
8640 23 + + I44 *** 
600 60 
2880 48 
7200 120 
6720 g6 
| 4800 240 
4800 240 
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Exam. 3. This being Pence and Farthings, it muſt be 
reduced to Farthings; then, after the Cyphers are annexed, 


divide by 960, the Farthings in a Pound. | 
Exam. 4. Reduce this to 15 Quarters of an Inch, and then 


divide by 48, the Quarters of an Inch in a Foot. 


Exam. 5. 6. 


Reduce oz. 4dwts. Troy, to Reduce 12 Drachms to the De- 
the Decimal of a Pound. cimal of a Pound Avoirdupoize. 


99%. 4dwts. 256 ) 12.000000 ( .046875 
20 1024 **** 
240) 184.000 ( .766, Cc. 1760 
e 1680 1536 
1600 | 2240 
1440 2048 
1600 1920 
1440 5 1792 
166 e 1280 
1280 
0 


Theſe Examples are done in the ſame Manner: There bein 
240 Pennyweights in a Pound Troy, the fifth Example is 
divided by that Number ; where, the Remainder being always 
the ſame, the Quotient Figure would be 6, if the Diviſion was 
continued: And, in the ſixth Example, the 12 Drachms 
are divided by 256, the Number of Drachms in a Pound 
Avoirdupoize. | 

In the Parts of a Pound Sterling the Decimal may be found 
without Diviſion, as follows, viz. in the Parts of a Pound, 
for every two Shillings put a 1 in the Tenth's Place next the 
Dot ; for one Shilling put a 5 in the ſecond Place of Decimals ; 
and for fix Pence put a 2 in the ſecond Place and a 5 in the 
third Place of Decimals: As to any leſs Quantity, reduce it 
to Farthings, and place the Number of Farthings in the ſecond 
and third Places of Decimals, if they are more than 10, other- 
wiſe in the third Place only, obſerving to add I to them, if they 
are more than three Pence. 

Exam, 1, 
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| Exam. 1. Exam. 2. Exam. 3. 
Reduce 165. 7d. 1 Reduce 135. 4d. to Reduce 94. 9d. 4 
to a Decimal, a Decimal, to a Decimal. 
16s, is 8 203606” 1 
6d. is. 025 Is. is . 05 IS. is . 05 
7. Is 007 4d, is . 017 6d. is . 025 
— — 3d. is ,0125 
832 667 39. is. oog 
ow | 4905 
It may be obſerved, in Example 2, that, for four Pence, 


which is ſixteen Farthings, I ſet down 17, becauſe it is more 
than three Pence. 

In the ſame Manner may the Parts of any Integer be re- 
duced to a Decimal with little Trouble, by obſerving, that 5 
is the Half of any Integer, .25 the Quarter, .125 the Eighth, 
and ſo on: But, as this Way is not quite exact in ſome 
Inſtances, I would recommend it to the Reader to proceed by 

the uſual Method of dividing the Numerator by the Denomi- 
nator, in order to reduce a Vulgar Fraction to a Decimal. 


To extract the Square Root of any Number. 
B FORE we inſtruct the Learner to extract the Square 


Root, it will be proper to explain what is meant by a 

Square Number, and what by the Root of ſuch Square. 
That Number is called a Square which is produced by multi- 
plying any Number into itſelf : Thus, if a 6 be multiplied by 
itſelf, the Product is 36, which is therefore a Square Number; 
and 6 is called the Root or Square Root of 36, becauſe 6 
times 6 is 36: In the ſame Manner, ꝙ is a Square, the Root 
of which is 3, for 3 times 3 is 9: So is 16 a Square Number, 
"whoſe Root is 4. 
If a Piece of Board, Stone, or any other Matter, be cut 
exactly ſquare, and each Side is four Inches, then is the Area 
or Content ſixteen Inches; that is, there will be ſixteen ſquare 
ſuperficial Inches in the Board, as may be ſeen by the follo w- 


ing Figure. 
Each 
3 
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| * 
b ya | 
4 "Ir 


| 


2 


Each Side being divided into four Parts, and Lines drawn 
from thoſe Diviſions, the whole Square will be divided into 
ſixteen little Squares: From whence it appears, that the Square 
Root of any Number is the Length of the Side of a Square, 
whoſe Area, or ſuperficial Content, is equal to the given 
Square Number. 8 

If any Square Number is multiplied by its Root, the Pro- 
duct is called the Cube; which is the Content of a Solid, 
whoſe Length, Breadth, and Thickneſs are equal to the Root, 
Thus, if a Piece of Timber was cut exactly cubical, each 
Side being four Inches, the Content of the Cube would be 
ſixty- four Inches, ſixty- four being the Cube of four; which 
four Inches are the Length, Breadth, and Thickneſs, or Depth 
of the Piece. | | 

Thus having explained what a Square and a Cube are, I 
- hall next give the Squares and Cubes of all the nine Digits, 
in the folllowing Table, 


A Table of the Squares and Cubes of the nine Digits. 


— — 


7 4 I ; | ; 
Roots. ſx [2] 31 4} 5| 6 7 8 | 94 


Squares. 114 9116 25 30 | 49 64 | £1 
Cubes. r |8 


—— CO —ũͤ9n 0. — meme — — — 
27 | 64 | 125 | 215 | 343 | 512 | 720 


In the upper Row are placed the nine Digits, under each of 
which are placed their reſpective Squares and Cubes; therefore, 
when the Square or Cube of any Number under 10 is tequired, 
they may be found in this Table by Inſpection: Thus, the 
Square of 5 is 25, and of 7 is 49: The Cube of 6 is 216, and 
the Cube of g is 729; and fo of the reſt. And, in the ſame 

| N Manner, - 


\ 
\ 
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Manner, if the Roots of any of the Squares in the Table are 
required, they are found the ſame Way: But, in Caſe the 
Square Root of any Number not to be found in the Line of 
Squares in the Table is required, this muſt be done by the 
following Method. 


Article 49. When a Number is given for the Square Root 
to be extracted, place a Dot over the Units Place; then, 
miſſing one Figure, put another Dot over the third Figure, or 
Place of Hundreds,; and thus continue to put a Dot over every 
other Figure to the End; and, as many Dots as are thus 
— over the Number, of ſo many Figures will the Root 
confift. | G - mol 


Exam. 1. Extract the Square Root of 61504. 


This Number being dotted as above directed, it appears, 
that the Root conſiſts of three Figures or Places: To find the 
firſt of the three, look in the foregoing Table, in the middle 
Row, or Row of Squares, for the Number pertaining to the 
firſt Dot to the left Hand, which in this Example is 6; if it 
is not there, take the next leſs Square, which in this Caſe 
I whoſe Root is 2; now draw a crooked Line to the 


is 
right Hand of the Figures, and place the Root 2 as a Quotient 


in Diviſion ; then put 4, the Square of 2, under the 6, and 
ſubtract it, ſetting down 2, the Remainder, underneath, as in 
Diviſion : Then take down the two Figures pertaining to the 
next Dot, viz. 15, and annex them to the 2 that remained, 
and this is called the Reſolvend; now draw a crooked Line to 
the left Hand of the Reſolvend, and double the Root in the 
Quotient for a Diviſor ; then place this Diviſor to the left of 
the crooked Line, leaving Room ſufficient for another Figure 
to be put betwixt that and the crooked Line: Then the Work 
will ſtand thus, 


61504 (2 
4 


4) — 


Then find how many times the Diviſor 4 can be had in 
215 the Reſolvend, (but with this Reſtriction, that the 
Figure expreſſing the Number of times it may be had being 
placed to the right Hand of the 4, to make the Diviſor com- 
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plete, and multiplied by the ſame Figure in the Root, may not 
exceed the Reſolvend) and J find it will be 4 times; ſet down 
4 in the Root, and alſo in the Diviſor; then multiplying 44, 
this increaſed Diviſor, by the 4 laſt placed in the Root, the 
Product 176 muſt be placed under the Reſolvend 215, and 
ſubtracted from it: To the Remainder 39 bring down the 

next Square, that is, the laſt two Figures, thus, | 


61504 (24 
4 


44) 215 
176 


— 


3904 


Draw a crooked Line before 3904, the new Reſolvend, and 

double 24, the Figures in the Root, and place them as a 
Diviſor ; then find how many times the Diviſor 48 can be 
had in 3904, (but with the ſame Reſtriction as before, that 
the Number of times it may be had, being placed to the right 
Hand of the 48, to make the Diviſor complete, and multi- 
plied by the ſame Figure in the Root, may not exceed the 
Reſolvend) which is 8 times; ſet down 8 in the Root, and 
alſo in the Diviſor ; then multiplying 488, the Diviſor thus 
increaſed, by the 8 laſt placed in the Root, the Product is 
3904, which being ſubtracted, there remains o: Therefore 
- is the true Root ſought. The whole Operation is as 
ollows : | 


61 504 (248 Root. 248 Root. 
$*. 248 
44) 215 | 1984 
176 9092 
—— 496 
488) 3904 — 
3904 61504 Proof. 
o 


The Way to prove if the Work is right, is, to multiply 
the Root into itſelf ; Thus 248, being multiplied by itſelf, 


produces 61504, the given Number, hs 204 
25 N 2 Exam. 
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Exam, 2. Extract the Square Root of 56644 (2 
| 4 


4) 166 


In this Example, the firſt Square is 5, and the next leſs 
Number in the Line of Squares in the I able is 4, whoſe 
Root 2 muſt be placed in the Root, and its Square 4 under 
the 5; then ſubtract, and there remains 1; to which bring 
down the next Period 66, as taught in the former Example : 
Double the Root 2 for a Diviſor, and place 4 its Double to 
the left of the crooked Line ; then aſk how many times 4 the 
Diviſor can be had in 166, (but with the ſame Reſtriction as 
before, that the Number of times it may be had, being placed 
to the right Hand of the 4, to make the Diviſor complete, 
and multiplied by the ſame Figure in the Root, may not 
exceed the Reſolvend) and J find it will be 3 times; then, 
putting 3 in the Root, and alſo in the Diviſor, multiply 43, 
the increaſed Diviſor, by 3, and the Product is 129 ; which 
place under the Reſolvend, and ſubtract as before. | 


56644 (23 
+ 


43) 166 
129 


460 3744 


Thus having taken down the laſt Period 44, and placed it 
.* «the right of 37 the Remainder, the Reſolvend is 3744 3 
and 23, the Figures in the Root, being doubled for a Diviſor, 
t» 46, which is placed to the left of the crooked Line: Now 
inquire how often 46 can be had in 3744, (under the ſame 
Reſtriction as before, that, the Figure being placed in the 
Root, and to the right Hand of the Diviſor, and multiplying 
the increaſed Diviſor by the Figure in the Root, it may not 
exceed the Reſolvend) and I find it will be 8 times; place 8 in 
the Root, and alſo on the right Hand of the Diviſor, betwixt 
that and the crooked Line: Laſtly, multiply 468, the Diviſor 
thus increaſed, by 8, the Figure laſt placed in the Root, and 
the Product is 3744; then ſubtract, and there remains o: 
Therefore 238 is the true Root of the given Number, as 
appears by the Work. 7 
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56644 (238 ; +45 4:7 eee Rove: 
5 4 | 238 
43) 166 e 
129 r 714 
) —=—P = | 476 
68 — _— 

: 5 13 — | 56644 Proof. 
Exam. 3. Exam. 4. 
Extract the Square Root of Extract the Square Root of 

18769 (137 207936 (456 
1 16 
2% 85) 479 
69 425 
267) 1869 906) 5436 
1869 5436 
Q Q 


Theſe two Examples are done in the ſame Manner as the 
former ; only it is to be obſerved, that, the fourth Example 
conſiſting of ſix Figures, the Dot does not fall on the laft 
Figure to the left Hand; therefore, the firſt Period is 20, 
whoſe next leſs Square in the Table is 16, the Square of 4. 


Exam. 5. Extract the Square Root | 589 
of 346921 (589 389 
1 
| 3301 
108) 969 4712 
2 2945 
1169) 10521 | 2346921 Proof. 
10521 
0 
Exam. 5. 
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Exam. 5. The firſt Square is 34, and the next leſs Square in 
the Table is 25, whoſe Root is 5; therefore put 25 under 
34, and ſubtract z- alſo put 5 in the Root, and proceed as in 
the former Examples. 


Exam. 6. Extract the Square Root pits 
of 16459249 (4057 "LO. 
— 25259 
805) 4592 20285 
4025 262259 
$107) 56749 | 16459249 Proof. 
36740 
0 
Exam. 7. Extract the Square Root | 3095 
of n N 2 
— 15475 
609) 57900 27855 
5481 92850 
| 6r85) 30925 9579025 Proof. 
* 39 
O' 


Exam. 6. The firſt Square being 16, and that being found 
exactly in the Table, when it is ſubtracted, nothing remains; 
ſo that the Reſolvend will be only 45, the next Period: 
When, therefore, the Root 4 is doubled for a Diviſor, it 
cannot be had in 45 (under the Reſtriction as in the other 
Examples); therefore, as the Diviſor cannot be had, ſet down 
a Cypher in the Root, and alſo to the right Hand of 8 the 
Diviſor : Then bring down the next Period, which is 92, 
and aſ how many times 80, the Double of the Root, can be 
bud in 4592, (with the ſame Neſtriction as before) and the 
Anſwer is 5 times; place 5 in the Root, and alſo to the right 
Hand of the Diviſor; then multiply 805, the increaſed Di- 
viſor, by 5, the Figures laſt placed in the Root, and proceed 
ay before: | 

The ſeventh Example is done in the ſame Manner, 

Exam. 8. 
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Exam. 8, Exam. . 39 Exam. 10. 
Extract the Square Extract the Square Extract the Square 
Root of 129. Root of 540. Root of 457.2459. 


The Numbers in the eighth and ninth Examples not being 
Squ re Numbers (for there will be a Remainder after the Root 
is extracted) in order to obtain the Root near the Truth, it 
is neceſſary to annex Cyphers for decimal Places; obſerving, 
that, as many decimal Places as are required in the Root, fo 
many Pairs of Cyphers muſt be annexed to the Number; 
therefore, let the Root be required in each Example to two 
Places of Decimals, then there muſt be four Cyphers annexed 
to each, ALS | 


129.0000 (11. 335 35 
1 11.35 
21) 9 5075 
* 3405 
Ae 1135 
223) 2 1135 
— — 128.8225 
2265) 13100 1775 
1 11325 Urner | 
nA 129.0000 Proof. 
1775 ; 
540.0000 (23.23 23.23 
4 | | 23-23 
43) 140 SO 6969 
129 4646 
242 508 | 6969 
462) 1100 1 4646 
924 — — 
eg 539.6320 
4643) 17600 $3671 
13929 | — — 
— 540.0000 Proof. 
3671 | 


In 
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457-2459 (21.38 21.38 
4 | 21.38 
41) 57 17104. 
41 6414 
2138 
423) 1624 4276 
1269 - — 
** 457-1044 
4268) 35559 1415 
34144 * Em 
457-2459 
1415 


In theſe Examples the Learner may ſee, by the Proofs, that 
the Root comes out very near the Truth, tho* the Operation 
is carried no farther than to two Places of Decimals. In Caſes 
where a greater Exactneſs is required, more Pairs of Cyphers 
may be added, to bring it nearer the Truth; for it muſt be 
obſerved, that, if a Number is not a true Square, fo as to 
have no Remainder, the true Root of ſuch Number can't be 
attained, tho* the Operation be carried to ever ſo great a 
Length. The Root 21.38 of the tenth Example, being 
multiplied by itſelf, produces 457. 1044. | 

Or, if they are Integers only whoſe Square Root is to be 
extracted, and, after all the Periods are taken down, there is 
a Remainder, you may then take down Pairs of Cyphers at 
Pleaſure, and fo continue the Root to any Number of Decimal 
Fractions as may be convenient. 

But, if a mixed Number be given to be extracted, and 
the Places of Decimals are an odd Number, as three, five, &c. 
there muſt be a Cypher annexed to the right Hand of the 
decimal Places, to make them even: The firſt Dot in the 
Integers muſt be over the Units Place ; therefore, it is beſt 
to begin with dotting the Units Place, and then proceed to 
the reſt, whether forward or back ward. 


Exam. 11, Exam. 12, Exam. 13. 


Extract the Square Extract the Square Extract the Square 
Root of 7.24576. Root of. 56644. Root of 748.441. 


In each of theſe Examples, the Number of decimal Places 
are odd; therefore, a Cypher muſt be added to each, before 
the Operation is begun; after which, it is the ſame as before. 

The 


Exrruchon of the Cube Roor. 97 
*"7.245760(2.691 «566440(.752 7487,4410(86.53 Tt 


13 un 4 | 
46)324 4h 145) 764 166) 108 

276 + + of 
529) 4857 1502) 3940 1725) 9144 

2 Ives 3004 8625 
5381) 960 "ja; 17303) 51910 
38387 3 51909 

4279 1 


The Proof of theſe laſt Examples I have omitted ; but the 
Learner - may multiply them for his own Improvement; te- 
membering to add the Remainder. . 


[ FS 1 


Art. 5 on To extract the Cube Root. 


HERE are ſeveral Methods of extracting the Cube 
Root: The Method by Converging Series is a neat 
and elegant Manner of Approximation: But the fol- 
lowing Rule appears to me the beſt and moſt convenient, for 
the preſent Purpoſe, I have yet ſeen; and for which I am 
obliged to Mr. Thomas Triplett, Teacher of the Mathematics, 
at King /ton ; who likewiſe favoured me with a new Method 
of Croſs- Multiplication, which will be explained in its proper 
lace. * | | 
Rule. Place a Dot over the Units Place; then, miſſing 
two Figures, put another Dot over the Place of Thouſands ; 
and, miſſing two Figures more, put a Dot over the Place of 
Millions; continue to dot every third Figure, and, as many 
— 2 are thus placed, of ſo many Figures will the Root 
confiſt. | 
Then ſeek in the Table, Page 89, for a Cube Number, in the 
bottom Line, the next leſs to the firſt Cube or Period of the 
given Number on the left Hand; ſet the ſaid Cube Number 
under the firſt Period of the given Number, and its Root in 
the Place of the Root, to the right Hand of the given Number ; 
ſubtracting the Cube from the firſt Period, and to the Re- 
__ Oo mainder 
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mainder bring down the, next Period, which call the | Rifabvend, 


and draw a Line under it. 


* 


Now ſquare the Figure in the Root, and multiply it by 
300, putting the Product under the Reſolvend; then multiply 
the Figure in the Root by 30, which place under the la 
Product; and the Sum of theſe two Products call a Diuiſer, 
under which draw a Line. 3 

Find how many times this Diriſor can be had in the Re- 
ſolvend, and this is the ſecond Figure in the Root, Which 
place in the Root. ; i 

Multiply this laſt Figure in the Root by itſelf, and place 
the Product under the Diviſor; then multiply that Part of 
the Diviſor, which ariſes from multiplying the former Figure 
in the Root by 30, by the laſt Figure in the Root, and put 
the Product under the lat Product; under theſe. place the 
other Part of the Diviſor, and add them together; and mul - 
tiply their Sum by the laſt Figure in the Root, calling the 


Product the Subtrabend, and ſubtract it from the Reſolvend. 


If the Root is only to conſiſt of two Places, the Operation 
is finiſhed, as in the following Examples. 


Exom. 1. To extract the Cube of Root r5625. 


15625 (25 Root | "Rot * 
8 he 25 Roc 
RED 25 
7625 Reſolvend. — 
— — . | 125 * 
1200 the Product of the Square of 2 by 300. 28 
60 the Product of 2 dy 30. | : — — 
8168 . ry . - 625 Square, 
1260 Diviſor. : 25 
25 the Product of 5 by 5. „ 
300 the Product of 80 by 855 i266" 
1200 the other Part of the Diviſor. wee 
. eg 5 5 15525 Cube. 
1525 4 
z $5 the laſt Figure in the Root, 
7625 Subtrat K 
— 
© © remains, 


—_ ” 
6 w LE. FR. 4 » # 


— of the G OT 


The firſt Period in the 2 Number is 15; and, by th 
Table of Cubes, Page 8 * 15 than 15 is 8, which 
lace under the v 5, 0 . Ui 8e Asst G 8: m e Root. | 
be Reader, by comparing the —— with the Operation, 
will find it very eaſy. To try whether 25 is the exact Cube 
Root of 15625, multiply 25 by 25, and this Product again 
by 25; this laſt Product is 15625, en r true Cube 


Root of 15625 is 25. 
| Exann. ©. Extra the Cube Root oF dene 


438976 (% 
43 
95976 Reſolvend. 


14700 Product of the Square of by * 
210 Product of 7 by 30. 1 
14910 Diviſor. 
35 Product of 6 by 6. 


1260 Product of 210 by 6. 
14700 the other Part of the Diener 


15996 
6 the Figure laſt placed in the Root. 


_ 95976 95976 Subtrahend, 
o remains, * 


— — 


Exam, 3. Extract the Cube Root of 205379: 


205379 (9% 
125 


750 
13 


I 7650 Diviſor, eres 
55 Square of 9. oy 
1350 Product of * by, 9 


7 500 55 
8931 1 0 


9 | 
80379 Subtrahend, 
| o remains. 


O 2 | ; Exam, 4. 
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 Exan. 4. Extract the Cube Root of 18399746 _ 


* 


16399744 (264 1 


—— 


10399 Reſolvend. 
1200 Produc; of the Square of 3 by * ' 
60 Product of 2 by 75. — | 
2 Diviſor. 
6 Square of 6. 
360 Product of 60 by 6. 
1200 the other Part of the Diviſor. 


—?—— 


1596 
6 the Figure lat placed in the Root, 


— 


9576 Subtrahend, 


| 823744 Reſolvend. 


202800 Producł of the Square of 26 by 300, 
780 Product of 26 by 30. 

203580 Diviſor. 
8 16 Square of 4. 

3120 Product of 780 by 4. 
202800 the other Part of the Diviſor, 
205936 

4 the Figure laſt placed in the Root. 


82 3744 Subtrahend, | 


o © remains, 


| Exam. 5, 


© Eciralimn of the b R 1108 
Exam. 5. * Wo, 7 Root of 54.6 to three Places 
of Decimals, 


54.006006006 (3,779 — 
27 . 


— 


| bel Reſolvend. | 


2700 Product of the Square of 3 by 300. 
_ Product of 3 by 30. wry 


2790 Diviſor, 


698 art Ae o by 
2700 the other Part of the Divider, 


79 | 
Ee ea LA 


23653 Subtrahend. 


3 347000 Reſolvend. | 


710700 Square of 37 neh 
7 1110 Product of 37 by * o 


? 41 7970 Diviſor. 


— 
** 


| 49 Square of 7. 
7770 Product of 1110 by by 7. 
_ 410700 the other Part of the Diviſor. 


418519 | | 
7 the' Figure laſt placed in the Root. 


2929633 Subtrahend. 


5 417 367000 Reſolvend, 


42638700 Square of 377 by 300. 
11310 Product of 377 by 30. 


426 500 10 Diviſor, 


* $1 Square 
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i 
101790 Product of 11310 by 9. 
42638700 the other Part of the Diviſor 


* 


42740571 EE 
9 the Figure laſt placed in the Root. 
284565 139 Subtrahend, TOY | 
' 32701861 Remainder.” 


By the two laſt Examples the Lover may fee, that, when 
a new Reſolvend is made, all the Figures then in the Root 
muſt be ſquared, and their Square multiplied by 300, and 
the Figures in the Root multiplied by 30 to make a Di- 
viſor : That, when it is known how many times the Diviſor 
can be had in the Reſolvend, that Figure muſt be placed in 
the Root, to the right Hand of thoſe already there, as in the 
Quotient in Diviſion: That then the Figure laſt placed in the 
Root muſt be ſquared, and put down under the Diviſor; and 
the former Part of the Root multiplied by 30 is to be mul- 
tiplied by this laſt placed Figure in the Root, and put under 
the Square of the laſt Figure in the Root; under theſe put 
the other Part of the Diviſor, which being added together, 
their Sum muſt be multiplied by this faſt placed Figure in the 
Root, for the Subtrahend to be ſubtracted from the Reſolvend. 

If the Subtrahend, when all the Periods are taken down, is 
the ſame with the Reſolvend, the Work is finiſhed, and the 
Root is the true Root ſought; as in the fourth Example, 
where 264 is the true Cube Root of the given Cube: But, 
if any Thing remains when all the Periods have been taken 
down, to that Remainder annex ther Cyphers, and purſue 
the ſame Method as before ; by which the Root may be con- 


_tinued to as many Places of Decimals as may be thought 


3 always obſerving to annex three Cyphers to, each 
emainder, to make a new Reſolvend, | 
If a Decimal Fraction, or mixed Number, is given for 
the Cube Root to be extracted, and the decimal. Places are 
neither three, fix, nor nine, Cyphers maſt' be annexed, to 
make the Decimals have one of thoſe. Numbers of Places; ſa 


that the Dot. may fall on the Units Place of the integral Part 


of the mixed Number, and that the firſt Period, in an entire 
Decimal, may conſiſt of three Places, 9 
— | 2 1 Exam, 6. 


Barabus of the cut k 085 
Exam. 6. Extract the Cube Root of ans un 
22778. 11 hs (45-27 "ar as 


2 e 3 
of Ye | : 
— 


28775 Refolvend. 


4800 Square of 4 by 300. 
120 aan of 4 by 30. 


— — 


4920 Divibor. 


25 Square of 5. 
600 Product of 120 by 5. 
4800 the other Part of the Diner. 


5425 N Ne 
5 the Foun laſt . Root. 


27125 Subtrahend. 


1650111 Reſolyend. | 


"Gagan 3 of 45 by 300. 
1350 Product of 45 by 30. 


60088 50 Diviſor. 


4 Square of 2. : 
2700 Product of 1350 by e 
607 ad * other van of the Diviſor. 


610204 
2 the Figure laſt placed i in the Root. 


1220408 Subtrahend. 


* 


- 42g 70; 03 183 — 


61201200 Square of 452 by 200. 
13560 Product of 452 by 30. 


61304760 Diviſor. 


49 Square 
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4509 Square of 
Ds 94920 Product of 13560-by 7. 7 
=” > 61291206 the — Part MIS viſor.” 


61386169 : 
7 the Figure af pho in he Rot 


[4297031 83 — 


o remains. 
Exam. 7. Extract the Cube Root of $0.76z 
80.763 (4. 32 | Fi 
64 
2 Reſolvend. 


5 Square of 4 by 300. 
120 Product of 4 by * 


— — 


ö _4920 Diviſor. 


9 Square of 3. 
60 Product of 120 by | 
2 the other Part of us Diviſor. 


— —— 


516g 
3 the Figure laſt placed in the Root, 


I L 507 Subtrahend. 
12 56000 Reſolvend. 


554700 Square of 43 by 300. 
1290 Product of 43 by 25 


—— 


555990 Diviſor. 


4 Square of 2. 
2580 Product of 1290 by 2. 
554700 the other Part of the Diviſor. 


— J 


284 
n 2 the Figure laſt Paced | in the Root. 


1114568 Subtrahend. | 
" 141492 Remainder. | I ſhall 


» 


Extraction of tbe Cube Root. 105 

T thall juſt obſerve to the Reader, that, when, the Root conſiſts 
of Integerd and Fractions, the Fractions are not diſtinguiſhed 
in forming the Diviſor, but uſed as Integers, 

In the ſeventh Example, there being but three decimal 
Places given, the Root would conſiſt of but one Decimal, 
without annexing three Cyphers to the Remainder, to make a 
new Reſolvend: And, if to the laſt Remainder three Cyphers 

| Pl annexed, the Root may then be obtained to three decimal 
ces. 


Exam. 8. Extralt the Cube os of 146.279 
146.379 (5-27 | 
125 


* 
8 


21379 | Reſolvend, 


1 


7500 Square of 5 by 30d. 
150 Product of 5 by 4 
—— | 5 \ 
7650 Diviſoan — 
Square of 2. 
300 Product of £50 by 2. 
7500 the other Pare of the. Due. 


7804 IE 
| | 3 2 4 Figure laſt placed j iu the Rows 


£ | I 15608 Subtrahend, 
5771000 Reſolvend. 


1 81200 Square of 52 by 300. 
4 1560 Product of 52 by 30. 


| 842760 Diviſor. 


49 ) Square of = m7 
10920 Product of 1560 by 5. 
811200 the other Part of the Duisb. 


822169 5 | 
7 the Figure laſt placed in the Root. 


Pe CENT 


5755183 Subtrahend, 


—x — 


15817 — 


Zram. g 


* 


e, MATH EMATICS. 
Enn 9. Extend the Cubs Regt of 16097236 
262771336 (.546 ö 
— 


22777 ; Refolvend, 


| 7500 Square of 5 by 300, 
1350 Product of 5 by 30. 
of — 


7650 Diviſor. 


16 Square of 4. 
600 Product of * 
7500 the other Part of the Divifor. 


8116 
5 4 the Figure laſt placed in the Root. 


ET Subtrahend. 
3307336 Reſolvend. , 


3574800 Square of 54 by 300. 
* 1620 Product of 54 by 30. 


2 


— „ Divifor. 
36 re of 6. | 
9720 — of 1620 by 6. 
874800 5 0 other Part of the Diviſor. 


884556 
| 6 _——_— glaced in the Root. 


5307336 Subtrahend. 


LA 


o remains. 


I hall 


Babe , M „ ig 
| I Wal here add two Examples in Decinials only, 14 8 
.: Exam. 10. Extract the Cube Root of. 474552 · 


47⁴554 (478 
3 Lr 
eee Ng 172 * 
1470 uare 300. : 
210 Product of'7 Y 30- | ps. 


149 10 Diviſor, 


64 Square of 8. 
1680 Product of 210 by 8. 
1470 the other Part of the Diviſor. 


à the Figure laſt placed in the Root. 
23585 Subtrabend, 


© remains. 


Exam. 11. Extract the Cube Roar of 3758. 


373800 (. 72 
=”: 


32800 Reſdlvend. 


14700 
210 


149 10 Diviſor. 1 


wh __ 30248 Subtrahend. 


_— 


2552 Remainder. 
F' 2 | - 


In the laſt Example, the given Number is . 37 58 which 
conſiſting of four Places, two * 8 muſt be annexed, to 
make ſi Places, as it is a Decimat. R 


If the Learner has a Mind, he may prove the Examples, 
by multiplying the Roots by themſelves, and that Product 
the Root, as was done in the füfſt Example: Where there is 

®a Remainder, as in the fifth, ſeventh, eighth, and eleventh 
Examples, it muſt be added to the laſt Product: Thus, in 
Example 17, hs | | 


| 373248 ( Cube. 
2 285% Remainder. 


—— 


378800 or. 3758, the given Number, 


T ſhall only add one Example more, where a Cypher ariſes 
in the Root. $4 | 


Exam. 12. To extract the Cube Root of 29.508381. 


29.508381 (3.09 
27 


2508 Reſolvend. 


270⁰ 
90 


2790 Diviſor. 


— 


5 | | 2508381 Re- 
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2508381 Reſolvend. 
270000 
900 


270900 Diviſor, 


1 — 286 
ww * — — —— 8 * 


| © 2503629 Subtrahend. 
| 4752 Remainder. 


The Diviſor 2790 cannot be had in 2508 the Refolvend ; 
therefore place a Cypher in the Root, and take down 25083 
to which joining 381, the next Period, it gives 250838, a 
new Reſolvend ; and then proceed in the Work as betore. 


— — — — 


— 


Art. 51. To multiply Feet, Inches, and 
Parts, by Feet, Inches, and Parts. 
| monly called Creſs- Multiplication, being very uſeful, 
I ſhall endeavour to make it as eaſy to the Learner as 
T can, by a new Method, the beſt I have yet ſeen ; for which 
J am obliged to Mr. Thomas Triplett, of King ſton, who was 
ſo kind as to communicate it to me. | 
When Feet are multiplied by Feet, the Product is Feet; if 
Feet are multipiied by Inches, or Inches by Feet, the Product 
is Inches; but, if Inches are multiplied by Inches, the Product 
will be Parts, of which twelve make an Inch : From whence 
it ariſes, that Learners are often at a Loſs where to ſet down 
their Produt: To prevent which Difficulty, Mr. Triplett 
invented the following Method: Divide the Multiplicand by 
. T2, and, that being multiplied by the Inches, each Product is 


ſer under the Denominatjon from whence it is produced. 
42 | Exam, 1. 


H E Multiplication of Feet, Inches, and Parts, com- 
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ram. 1. Multiply o F. 61, Exam. 2. 8. 5 8 7k. 


by 4 F. 3 Inch. dy 6 F 
. . * p. 
9 : 6 02 
922 12: 7 | 
1 91 0 * 
— — — — 
n „„ 
328 : 0 _. 
40 : 4 6 | n: 3 
Exam. 1. The Multiplicand and Multiplier being ſet down, 


draw a Line over the Multiplicand ; then divide the Multipli- 
cand by 12, thus, the twelfth Part of g Feet is 9. Inches; ſet 
q over the Inches in the former Mahiplieand: Alſo the twelfth. 
Part of 6 Inches is 6 Parts; which muſt, therefore, be placed 
one Place to the right Hand, n 
uſual in ſuch Caſes, and as is done above. 

Having thus made two Multiplicands, (the new one for 
the Inches of the Multiplier, and the other for the Feet) 
multiply the 3 e the 6 Parts, and it makes 18, 
which, being divided 12, gives r, and 6 remains; ſet 
don the 6 Parts under the 6 Parts in the upper Multiplicand, 
and carry the 1; then, 3 times q is 27, and 1 that was 
carried is 28, which, being divided by 12, gives 2, and 4 
remains; ſet down the 4, in the Place-of Inches, under 1 
and the 2 in the Place of Feet: Then multiply the 9 Feet 
and 6 Inches by the 4 Feet in the Multiplier, ſay ing, 4 is: 
6 is 24, which, being Inches, muft be divided by 12; and 
12 may be had twice in 24, and nothing remains; therefore, 
ſet down © fin the Place of Inches, and carry 2; laſtly, 4 
times 9 is 36, and- 2 that was carried is 38, which, being 
Feet by Feet, muſt be ſet down entire, in the Place of Feet. 
* Under theſe two Products draw a Line, and add them. 

ether; by which it appears, that the Product of g Feet and 

6 hes, by 4 Feet and 3 Inches, is 40 Feet, 4 Inches, and, 
6 Parts, or t an Inch. 

Exam. 2. The 12 Feet in the Multiplicand, being divided: 
by 12, gives 1; which. ſet down in the Place of Feet, over 
the former, having firſt drawn a Line; and, as there is nothing 


remaining, put a 'Cypher i in the Place F Inches: Then the 7 
Inches. 


\ 
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Anches, being divided * 12, gives 7 Parts, which muſt be 


9 


placed to the right Hand. 10 1115 
| Then ee the 9 Inches in the Multiplier into the 


3 Foot and 7 Parts, the upper Multiplicand, thus, 9 times 7 
4s 63, which, being divided by 12, gives 3, and 3 remains; 
ſet. down the 3 in the Place of Parts, under the 7, from 


which it was produced, and carry the 5 to the next; which 


being a Cypher, 9 times nothing is nothing, but the 5 that 
was carried is 5, which ſet down in the Place of Inches; then, 
9 times 1 is 9, which put down in the Place of Feet: Next 


multiply the 12 Feet and 7 Inches, the lower Multiplicand, 


by the 6 Feet in the Multiplier, thus, 6 Feet by 7 Inches is 
42 Inches, or 3 Feet and 6 Inches; put down the 6 Inches 
under the 5 Inches, and carry the 3; then, 6 times 12 is 7a, 


and the 3 that was catried is 75, which put under the 9 Feet; 
now add theſe two Products, and their Sum, 84 Feet, 11 Inches, 
and 3 Parts, is the true Anſwer. 1 
Before I proceed to any more Examples, it may be proper 
to obſerve, that, an Inch being the twelfth Part of a Foot, 


and what we call a Part the twelfth Part of an Inch, there 
can be no Number ſo large as Ia, except in the Feet: There- 
fore, in dividing the Multiplicand by 1a, nothing more is 
required, the Numbers being under 12, than to remove them 


a Place lower; for the twelfth Part of any Number of Feet, 


under 12, makes the fame Number of Inches; and the twelfth 


.T 


Part of the Inches, they always being under 12, are ſo many 
Parts, The Multiplicand being thus reduced to one Twelfth 
of what it was, every Product will ſtand under the Denomina- 
tion from whence it is produced, when multiplied by the 
hes in the Multiplier : Otherwiſe, multiply ing by 57 
uces cach Kind a Place lower, which is here already done. 


Exam. 3. Multiply 15 F. 51. Zaum. 4. Multiply 1 R. $I. 


by 9 F. 10 Inch. by 10 F. 4 Inch. 

F. I. P. | F. I, : P. 

an TIT #1 eee 8 
15 5 17 8 
9 10 10 4 

2 - 1 oat 10 8 
170 : 8 

2 182 6 8. 


* 
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© Exam, 3. Draw a Line over the Multiplicand, which, beitlg 
divided by 12, gives 1 Foot, 3 Inches, and 5 Parts; for 12 
may be had once in 15, and 3 over; put down the 1 over the 
Feet, and the 3 over the Place of Inches, and the 5 Inches 
in the old Multiplicand put in the Place of Parts in the new 
 Multiplicand : Multiply the 1 Foot, 3 Inches, and 5 Parts, 
by 10, thus, 10 times 5 makes 50, which, being divided by 
12, gives 4, and 2 remains; ſet down the 2 under the 5, and 
carry 4; then, 10 times 3 is 30, and 4 that was Carried is 
34, which, being divided by 12, gives 2, and 10 remains; 
ſet down the 10 Inches, and carry 2 to the Feet; ſaying, 
10 times I is 10, and 2 that was carried makes 12, which, 
being Feet, muſt be ſet down entire: Then multiply the 
15 Feet and 5 Inches by the 9 Feet, thus, 9 Feet by 5 Inches 

is 45 Inches, or 3 Feet and ꝙ Inches; put down the g Inches 

under the 10 Inches, and carry the 3; then, 9 Feet by 
5 Feet is 45 Feet, and 3 that was carried is 48 Feet; put 
down the 8 Feet under the 2 Feet, and carry the 4 ; laſtly, 
9 times 1 is 9, and 4 that was carried is 13, which put down 
as in the Example: Now draw a Line under theſe two Pro- 
duQs, and add them; the 2 Parts put down; but the 10 
Inches, being added to the 9 Inches, makes 19 Inches, or 
1 Foot and 7 Inches; put down the 7 Inches, and carry the 
1 Foot to the Feet, which are added in the uſual Manner, 
Exam. 4, Draw a Line over the Multiplicand, - and the 
17 Inches in the Multiplicand, being divided by 12, gives 
1 Foot and 5 Inches; place the 1 over the Feet, and the 

Inches place over the Inches, and the 8 Inches in the old 
Multiplicand put in the Place of Parts in the new Multiplicand, 
for 8 Inches, being divided by 12, gives 8 Parts: Multi 
this new Multiplicand by 4 Inches, thus, 4 Inches by 8 Parts 
is 32 Parts, or 2 Inches and 8 Parts; ſet down- the 8 Parts 
under the Place of Parts in the upper Multiplicand, and carry 
the 2 Inches ; then, 4 Inches by 5 Inches is 20 Inches, and 
2 Inches that was carried is 22 Inches, or 1 Foot and 
10 Inches; ſet down the 10 Inches in the Place of Inches, 
and carry the 1 Foot; then, 4 Feet by 1 Foot is 4 Feet, and 
1 that was carried is 5, which ſet down as in the Example: 
Now multiply the old Multiplicand, 17 Feet and 8 Inches, 
by the 10 Feet, thus, 10 Feet by 8 Inches is 80 Inches, or 
6 Feet and 8 Inches; ſet down the 8 Inches under the 10 
Inches, and carry the 6 Feet ; then multiply the 17 Feet by 
10,” to which carry the 6 Feet, in the uſual Manner, and 
it makes 176 Feet, which ſer down as in the Example; es 

Fs a Line 


» wor re 2 4% 
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a Line under theſe two Products, then add them as at the 
third Example, and we have 182 Feet, 6 Inches, and 8 Parts, 
the Product required. 9 EF 


Exam. 5. Exam. 6. Exam. 7. 
Multiply 56 F. 23I. Multiply 112F. 5I. Multiply 24F. rol, 
by 17 F. 7l. by 23F. gl. by 15 F. 61. 
F. J. P. F. J. P. F. I, P. 

47817 92 4638 2-:.: 0 £ 6 

56 3 112 9 24: 10 WE: 
. A vole, Za bk... bee 
W-:9:9 9 128 

396 3 345: 7 132: 6 

56 224 24 

989 0:9 2669 : 10 : 9 384 : 11 * 


Exam. 5. The Multiplicand, 56 Feet and 3 Inches, being di- 
divided by 12, as in the former Examples, gives 4 Feet, 8 
Inches, and 3 Parts, for the new Multiplicand ; then multiplying 
this new Multiplicand by the 7 Inches, as taught in the former 
Examples, it gives 32 Feet, 9 Inches, and 9 Parts: The 
17 Feet, being multiplied into the 3 Inches, makes 51 Inches, 
which, being divided by 12, gives 4 Feet and 3 Inches; ſet 
down the 3 Inches, and multiply the 56 Feet, firſt by the 7, 
remembering to carry the 4 when the 7 is multiplied into the 


6; this produces 396 Feet and 3 Inches: Then multiply the 


56 Feet by 1, the remaining Part of the Multiplier, and ſer 
the Product 56 under the 396, as in common Multiplication ; 
The Products, being added. make 989 Feet and 9-Parts. 

In the ſixth Example, the 5 Inches in the Multiplicand, 
being multiplied by the 23 Feet in the Multiplier, gives 115 
Inches, or 9 Feet and 7 Inches; put down the 7 Inches, and 
carry the g Feet to the Product of the 112 multiplied by 3: 
And, in the ſeventh Example, when the 10 Inches are to be 
multiplied by the 15 Feet, the Product is 150 Inches, or 
12 Feet and 6 Inches: The reſt of the Work is the ſame 
as before, | 
But, when Feet, Inches, and Parts, are to be multiplied by 
Feet, Inches, and Parts, there will be produced lower Di- 
| | viſions, 
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viſions, called Seconds and Thirds ; a Second being the twelfth 


Part of what we here call a Part, and a Third the twelfth 
Part of a Second, In theſe Operations, it is neceſſary to 
make two ſupplemental Multiplicands, one for the Inches, and 
the other for the Parts. 


Ex. 8. Multiply o F. 41. JP. Ex. 9. Multiply 12 F. 91. 5P. 


by 5 F. 61. 4P. by 8 F. 4I. 10 P. A 
r. t 
9860.7 11 0-3--9-:2-5 
6 „ Km 1+ = 
9: 4: 7 1 9 3-5 
5: 6: 4 „ 
8 7 10: 2 
<2 8 "Wh <=: 9 2-—$4--S 
46: 10: 11 1 
51 10 4:0:4 rn 


Exam. 8. Having placed the given Numbers under each 

other, draw a Line over the Multiplicand, and divide it by 12, 
which is done by placing each Figure one Place lower in 
Denomination, they being all under 12; this is the Multi- 
plicand for the Inches: Now divide this firſt ſupplemental 
 Multiplicand by 12, thus, the 9 Inches, * mp, by 
12, gives 9 Parts, which place oyer the 4 Parts: The 
4 Parts in the firſt ſupplemental Multiplicand, being divided 
dy 12, gives 4 Seconds, which put over the Place of Seconds 
in the firſt ſupplemental Multiplicand : The 7 Seconds in the 
firſt ſupplemental Multiplicand, being divided by 12, gives 
7 Thirds in the ſecond ſupplemental Multiplicand, which place 
as in the Example. 

Multiply the upper ſupplemental Multiplicand by the 4 Parts 
in the Multiplier, thus, 4 Parts by 7 Thirds is 28 Thirds, 
or 2 Seconds and 4 Thirds; put down the 4 Thirds under the 
Thirds in the upper ſupplemental Multiplicand, and carry the 


2 Seconds: Then, 4/Parts by 4 Seconds is 16 Seconds, and 2 

that was carried is 18 Seconds, or 1 Part and 6 Seconds; put 

down the 6 Seconds in the Place of Seconds, and carry the 

1 Part: And 4 Parts by 9 Parts is 36 Parts, and 1 that * 
8 Carr 


as in the Work. 
Multiply the lower ſupplemental Multiplicand, 
4 Parts, and 7 Seconds, by the 6 Inches in the 


thus, 6 Inches by 7 Seconds is 42 Seconds, or 3 Parts and 
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carried is 37 Parts, or 3 Inches and 1 Part, which put down 


Inches, 


ultiplier, 


6 Seconds; put the 6 Seconds under the Seconds in the laſt 


Product, and carry the 3 Parts: Then, 6 Inches by 4 Parts 


is 24 Parts, and the 3 that was carried is 27 Parts, or 2 Inches 
and 3 Parts; put the 3 Parts under the Parts of the former 
Product, and carry the 2 Inches: And 6 Inches by g Inches 
is 54 Inches, and 2 that was carried is 56 Inches, or 4 Feet 
and 8 Inches, which place as in the Work. 

he given Multiplicand, 9 Feet, 4 Inches, and 
the 5 Feet in the Multiplier, and put the Pro- 
duct, 46 Feet, 10 Inches, and 11 Parts, as before taught. 


—_— t 
7 


7 Parts, 


Now add theſe three Products 


the Product ſought. 
The ninth Example is done in the ſame Manner; only, the 
given 12 Feet, when divided, make 1 Foot in the firſt Mul- 
tiplicand; and this Multiplicand, being divided y 12, gives 


1 Inch, 9 Seconds, and 5 Thirds, for the ſecond 
Multiplicand. 


Exam. 10. 


Multiply 20 F. 61. 
10 F. 8 


F. 


"oF 


3P. by 


together, and their Sum is 


upplemental 


- 


Exam. 11. 


Multiply 18 F. 71. 2P. by 


9F. 5I. 4P. 
48-81 

$2: 63-2434 
12 
18: 7 8 = 
1 

6: 2: 4:8 
5 : $7 10 
167:4: 6 


20 3 
5 F LEFT 
$a 6:7: 3 

13: 2 

205 26 

rn: 


47% T3: '2-:'v 


Exam. 10. The Multiplicand and Multiplier conſiſting of 
Feet, Inches, and Parts, we muſt find two ſupplemental Mul- 


tiplicands, as in the two laſt E 


xamples ; then drawing a Line 


Over 
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over the Multiplicand, and dividing the 20 Feet in the Mul- 
tiplicand by 12, the Quotient is 1 Foot, and 8 over ; put the 
1 over the Place of Feet; and, dividing the 8 Feet * by 
12, it gives 8 Inches, which put over the Place of Inches: 


Then, the 6 Inches in the Multiplicand, being divided by 12, 
gives 6 Parts, which put over the Place of Parts: And, laſtly, 


the 3 Parts in the Multiplicand, being divided 
3 Seconds, which place as in the Example. 

To form the ſecond ſupplemental Multiplicand, divide the 
1 Foot in the firſt ſupplemental Multiplicand b 
gives 1 Inch, which put over the Place of Inches 


by 12, gives 


by 12, gives 8 Parts, which put over the Place of Parts: 
The 6 Parts in the firſt ſupplemental Multiplicand, being 
divided by 12, gives 6 Seconds ig the ſecond Multiplicand: 
And the 3 Seconds in the firſt ſupplemental Multiplicand, being 
divided by 12, gives 3 Thirds in the ſecond ſupplemental 
Multiplicand. 


The upper ſupplemental Multiplicand, 1 Inch, 8 Parts, 


6 Seconds, and 3 Thirds, being multiplied by the 5 Parts in 


the Multiplier, gives 8 Inches, 6 Parts, 7 Seconds, and 3 
Thirds, by the Directions at the eighth Example. | 

The under ſupplemental Multiplicand, 1 Foot, 8 Inches, 
6 Parts, and 3 Seconds, being multiplied by the 8 Inches in 
the Multiplier, gives 13 Feet, 8 Inches, and 2 Parts, by the 
Directions at the eighth Example. 

And the Multiplicand, 20 Feet, 6 Inches, and 3 Parts, 
being multiplied by the 10 Feet in the Multiplier, gives 205 


Feet, 2 Inches, and 6 Parts, by the Directions at the eighth 
Example. | | 


Now draw a Line, and add theſe three Products together, 


and their Sum is the Product required. 

Exam. 11. The Multiplicand, 18 Feet, 7 Inches, and 2 
Parts, being divided by 12, gives 1 Foot, 6 Inches, 7 Parts, 
and 2 Seconds, for the firſt ſupplemental Multiplicand ; which, 

being divided by 12, gives 1 Inch, 6 Parts, 7 Seconds, and 
2 Thirds, for the ſecond ſupplemental Multiplicand. 

The upper ſupplemental Multiplicand, 1 Inch, 6 Parts, 
7 Seconds, and 2 Thirds, being multiplied by the 4 Parts 
in the Multiplier, gives 6 Inches, 2 Parts, 4 Seconds, and 8 
Thirds, by the Directions at the eighth Example. 

The under ſupplemental Multiplicand, 1 Foot, 6 Inches, 
7 Parts, and 2 Seconds, being multiplied by the 5 Inches 

ä In 


12, and it 1 
: The 
8 Inches in the firſt ſupplemental Multiplicand, being divided 


C 
ons 
4% 
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in the Multiplier, gives 7 Feet, 8 Inches, 11 Parts, and 10 
Seconds, by the Directions at the eighth Example. 

And the Multiplicand, 18 Feet, 7 Inches, and 2 Parts, 
being multiplied by the 9 Feet in the Multiplier, gives 167 
Feet, 4 Seconds, and 6 Parts, by the Directions at the eighth 
Example. | Won: | 

Laſtly, adding theſe together, we have the Product ſought. 

The two following Examples are done in the fame Manner. 


Exam. 12, | : . . | Exam. 13; 
Multiply 12 F. 21. 9 P. by Multiply 15 F. 6L 1 P. by 
10 F. 71. 9. 7. 11 27; 
. | J. 
3 | . 
F 1 * 5 0:43 
12 2: 9 n 
10: 7:9 1 
42 0:9 TH FED 
EW TH IE 6:5:6:5 
12 $50 r08:6:7 
130 2339 115: 2:8: 5: 2 


But, when the Feet in the Multiplier are more than 12, as 
in the fifth, ſixth, and ſeventh Examples, it may be more 
convenient to do it by taking the aliquot Parts of a Foot. If 
the Number of Inches or Parts in the Multiplicand happen not 
to be aliquot Parts of 12, they may be divided into ſuch as 
are: The aliquot Parts of 12 are, I, which is a twelfth 
Part; 2, a Sixth; 3, a Fourth; 4, a Third; and 6, the 
Half. The others may be made into two Parts, thus, 5 may 
be parted into 4, which is a Third, and the remaining 1 is the 
Fourth of that: So, 7 may be parted into 4, a Third, and 
$ the Fourth of 12; or elſe into 6, the Half, and 1, the 

ixth Part of that Half: And 8 may be parted into 4, the 
Third, to be taken twice; and q into 3, the Fourth, taken 
three times, Of this I ſhall ſubjoin ſome Examples, 


Exam. 14. 
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Exam. 14. Exam. 15. Exam. 16. 
Multiply 49 F. 61. Multiply 242F. 41. Multiply 84 F. 31. 
by 28 F. 41. by 59 F. 41. by 15 F. 9l. 

. GEE FN FE... $6... 

82 2 6 20 224 i b 

49 : 6 20:4 ; 

28 : 4 5 594 
16: 6 92614 

14 19:8 
392 217 

38 7210 

— — — — — — 

1402: 6 14378: 5: 4 1326 : 11 : 3 


Exam. 14. Having multiplied the 4 Feet, 1 Inch, and 
6 Parts, by the 4 Inches, and put down 16 Feet and 6 Inches, 
the Product, as before; then, inſtead of multiplying the 28 
Feet by the 6 Inches, take the Half of 28 for Feet, becauſe 
6 Inches are the Half of a Foot, which gives 14 Feet; place 
this under the 16 Feet, Units under Units: Then multiply 
the 28 Feet into the 49 Feet, that is, multiply the 49, firſt 
by the 8, and place the Units of this Product under the Units 
of the 14, the Tens under the Tens, and ſo on; and multiply 
the 49 by the remaining 2 of the Multiplier, putting this 
Product under the laſt Produa, as in common Arithmetic : 
Now draw a Line, then add theſe into one Sum, and it will 
be the Product ſought. 

Exam. 15. Having found the upper Multiplicand, 20 Feet, 
2 Inches, and 4 Parts, as before taught, and multiplied it by 
the 4 Inches, put down the Product, 80 Feet, 9 Inches, and 

Parts, as in the former Examples: But, the 4 Inches in 
the Multiplicand being one Third of a Foot, take the Third 
of 59 Feet, which is 19, and 2 Feet remains; and, the 2 Feet 
being 24 Inches, take the Third of 24, which is 8, and place 
under the Inches as uſual: Then multiply the 59 Feet into 
the 242, as taught in the laſt Example: Now draw a Line, 
and add as before, and you have the ProduQt ſought. 

The other Example is done in the ſame Manner, 


Exam, 17. 


WT ——— * 2 
— = XK „ 
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Exam. 17. Exam. 18. 
Multiply 28 F. 61. 10 P. by Multiply 42 F. 8 I. 4 P. by 
: y 2267. 41. 9P. * 1 25 18 F. 91. 6P. | 


FT. . 1 AK. 
214 62000; 31628924 

„ % 5 624207 | 362824 

28:6: 10 5 42:8:4 

16:4: 9 18: 9: 6 

1 9 4 1 6 Nen 

996 22 32: 0: 3 

8 9 

0: 8 3 

n 326 

168 336 

28 42 

468: 5: 0: 5: 6 802:3:7:2 


Exam. 17. After forming the two ſupplemental Multipli- 
cands, and multiplying the 9 Parts into the upper Multipli- 
cand, and the 4 Inches into that next above the Line, ſet 
down each Product under the particular Denomination from 
whence it was produced, (dividing by 12, where neceſſary) as 
in the Work. | | 

But now, inſtead of multiplying the 16 Feet by the 6 Inches 
and 10 Parts in the Multiplicand, (the 6 Inches being half 


2 Foot) divide the 16 Feet in the Multiplier by 2, and put 


8 Feet, the Quotient, in the Place of Feet, as in the Work. 
Now proceed to the 10 Parts in the Multiplicand ; and, 
the 6 Parts being half an Inch, divide the 16 Feet by 2, and 
rhe Quotient 8 will be Inches, which put in the Place of 
ches. | | | 
There being 4 Parts left out of the 10 Parts, and 4 being 
one Third of 12, divide the 16 Feet by 3, and the Quotient 


- will be Inches, which put in the Place of Inches; and, the 


1 Inch over being multiplied by 12, to bring it into Parts, 
divide 12 by 3, and the Quotient is 4 Parts, which put in 
the Place of Parts, as in the Work. 
Then multiply the 28 by 16, and place the Products as ia 
the Work, like common Multiplication. | | 
Now add theſe together, and it will be the Product ſought, 


If 
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If the Reader ſhould be at any Uncertainty to fix the Deno- 
mination of the Quotient, he may remember, 

That Feet divided by Inches produce Feet in the Quotient. 

Feet divided by Parts produce Inches in the Quotient. 

Feet divided by Seconds produce Parts in the Quotient. 

Feet divided by Thirds produce Seconds in the Quotient. 

And, univerſally, the Quotient is the next higher Deno- 
mination to that in the Multiplicand whoſe aliquot Part divided 
the Feet in the Multiplier. 

Exam. 18. Dividing the Multiplicand 42 Feet, 8 Inches, 
and 4 Parts, by 12, the Quotient is 3 Feet, 6 Inches, 8 Parts, 
and 4 Seconds, for the lower ſupplemental Multiplicand ; which, 
being divided by 12, gives 3 Inches, 6 Parts, 8 Seconds, and 
4 Thirds, for the upper ſupplemental Multiplicand. 

Multiplying the 3 Inches, 6 Parts, 8 Seconds, and 4 Thirds, 
the upper ſupplemental Multiplicand, by the 6 Parts in the 
Multiplier, the Product is 1 Foot, 9g . 4 Parts, and 
2 Seconds, as in the Work. 

Multiplying the 3 Feet, 6 Inches, 8 Parts, and 4 Seconds, 
the lower ſupplemental Multiplicand, by the g Inches: in the 
N the Product is 32 Feet and 3 Inches, as in the 

ork. 

But now, inſtead of multiplying the Inches and Parts'in the 
Multiplicand, by the 18 Feet in the Multiplier, out of the 
8 Inches in the Multiplicand take 6 Inches, for half a Foot; 
then divide the 18 Feet in the Multiplier by 2, and put down 
9 Feet, the Quotient, in the Place of Feet. 

Now, the 2 Inches of the Multiplicand which are left being 
one Third of the 6 Inches before taken, divide the 9g Feet laſt 
found by 3, and the Quotient is-3 Feet, which place under 
| the g Feet. 

here being 4 Parts left, they are one Sixth of the 2 Inches 
laſt found ; therefore, divide the 3 Feet by 6, and the Quo- 
tient is 6 Inches, which put in the Place of Inches. 

Laſtly, multiply the 42 by 18, as in common Multiplication. 

Now add theſe together, and the Sum will be the Product 
ſought, 

When one of the given Numbers conſiſts only of Feet and 
Inches, tho' the other has Parts, that which is without 
Parts being made the Multiplier, there will then be required 
but one ſupplemental Multiplicand, as in the nineteenth Ex- 
ample: And, if one of the given Numbers conſiſts of Feet 
only, then the Multiplicand nced not be divided by 12, as in 


the tweatieth Example. 


Exam. 19. 
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Exam. 19. Exam. 20, 
Multiply 17 F. 101. 6 P. b Multiply 76 F. 8 I. 7P. 
* 257. 91. 4 * F. 

. I. G . & „ 
. | 76 a ak 
— — | 16 | q 
17: 10: 6 —  — 

28: 9 Fr &: 2 
— — — A 4 
ane SO, 45. 10 n 

Co: 456 

| IE 76 

8: 4 — 

75 1227 5 + 
_34 2 


450 32 4206 


8 19. Inſtead of multiplying the 25 Feet into the 
6 Parts, take the Half, which is 12 Inches, or 1 Foot, and 
the x that remains makes 6 Parts; then, dividing the 10 
Inches into the two aliquot Parts, 6, the Half of a Foot, and 
4, the Third, take firſt the Half of 25, which is 12 Feet and 
6 Inches, and then the Third, which is 8 Feet and 4 Inches. 

Exam. 20. The 7 Parts being divided into ay the Half, 
and 1, the Sixth of that Half, take the Half of 16, which is 
8 Inches, and the Sixth of that is 1 Inch and 4 Parts ; ; then, 
dividing the 8 Inches in the Multiplicand into - and 4, each 
gg, ern Third of a Foot, take the third Part of 16, which 

eet and 4 Inches, and that, being . gives 10 0 eet 


| and 8 Inches, 


8 


— 2 = 


—_ 
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Art. 52. I 0 meaſure a Square 
Rule. Multipl the Side of the Square into 
itſelf, and hy roduct is the Area or ſuper- 


ficial Content. f 
| | R Let 


Let ABCD repreſent a Square, whoſe rs B 
Side is 12 Feet, Multiply 12, the Side, .. 
by itſelf, thus, | . | 
| 12 ;* Oh 
12 3 | 
144 Area, 


The Product 144 is the Area or ſuperficial .Content.of the 
Square ABC; that is, a Square, whoſe Side is 12 Feet, 
contains 144 Feet: This will appear, if each of the Sides 
AB, BC, CD, and DA, are divided into 12 equal Parts, 
and Lines drawn from thoſe Diviſions croſs the Square; for 
then will the Square be divided into 144 little Squares, whoſe 
Sides will be equal to the Diviſions of the Lines. 


Art. 53. To meaſure a Parallelogram. 22 

Rule. Multiply the Length by the Breadth, and the Product 
is the Area or ſuperficial Content. - 

Let ABCD repreſent a Parallelogram, A ___ B 
whoſe Length is 12 Feet, and Breadth bee 
.9 Feet. Multiply 12 by 9, and the Pro- . 
duct is the Content. TE Es | 1 


12 
9 
108 Area, 


Therefore the ſuperficial Content is 108 Feet; as may be 

- ſeen by dividing the Lines AB and C D into 12 equal Parts, 
and drawing Lines from one to the other; then dividing the 
Lines A D and B C into Parts each, and drawing Lines from 
one to the other, cutting the former; by which the 'Paral» 

lelogram will be divided into 108 little Squares, each of whoſe 

Sides will be equal to the Diviſions of the Lines: So that, of 

whatever Dimenſions the . Diviſions. of the Lines are, the 
—— will contain 108 Squares of the fame Di- 


Article 54. To meaſure a Rhombus. 
Definition. A Rhombus is a Figure with ſour equal Sides, 
in the Form of a Quarry of .Glaſs, or a Diamond on Cards, 
having two Angles greater, and two leſs, than the Angles of 
a Square: The former are called obtuſe Angles, and the latter 


* 


acute or ſharp Angles. Rule, 
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Nute. Multiply the Side by the Length of a Perpendicular 
let fall from one of the obtuſe Angles to the Side oppoſite 
füch Angle. 5 | | 
Let AB C tepreſerit * A 5 
Rhombus, each of Whoſe Sides -*\ 
is 16 Feet: A Perpendicular let 
fall from the obtufe Angle at B. 
on the Side D C, will interſe& 1 
it in the Point E, fo will BE 5— 5 
be 13 Feet; and this being E | | 
multiplied into the given Side, the Product is the Area of the 


mbus; 


1 


r as * 
208 Area. 


y Article 55. To find the Area of a Rhomboidess 
a Definition, A Rhomboides is a Figure whoſe oppoſite Sides 
and oppoſite Angles are equal. | 
Rule. Multiply one of the longeſt Sides by the Perpendicular 
— fall from one of the obtuſe Angles on one of the longeſt 
es. | 
The Rhomboides ABCD; A 
the longeſt Sides AB or CD 
being 20.9 Feet, and the Per- 
per AE 11.2 Feet, 
20:9 — 
11.2 D EH 
— p 
418 
209 
209 


234.08 Anſwer 234.08 Feet. 


Article 56. To meaſure a Triangle. 

Definition. A Triangle is a Figure having three Sides and 
three Angles. There are three Sorts of Triangles, denominated 
from the Angles: For, if one of the Angles of a Triangle is 
an exact Square, (which, by Mathematicians, is called a right 
Angle) ſuch Triangle is _ a rigbt- angled Triangle: If 
| . 2 ; there 


* 
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there is no right Angle, it is called an obligue-angled Triangle, 
of which there are two Kinds ; if all the three Angles are 
acute, that is, each leſs than a right Angle, it is called an 
| acute-angled Triangle; but, if one of the Angles is greater 
than a right Angle, it is called an obtuſz-angled Triangle. 

Rule. If it be a right-angled Triangle, my the Baſe by 
half the Perpendicular, or half the Baſe by the Perpendicular, 
and the Product is the Area: But, if it be an oblique-angled 
Triangle, (whether obtuſe or acute) multiply half the Baſe by 
the Length of the Perpendicular let fall on the Baſe from the 
Angle oppolite to it, or half the perpendicular Height by the 
Baſe, and the Product is the Area, The longeſt Side of a 
Triangle is uſually called the Baſe, except in a right-angled 
Triangle, where the longeſt of the two Legs which include 
the right Angle is called the Baſe. 

The right-angled Triangle ABC, | B 
right-angled at C; the Baſe AC is 
21 Feet, and the Perpendicular B C 
15.5 Feet, 


15.5 Perpendicular. | | 
10.5 Half the Baſe. 


| 715 
I550 


2 162.75 Area. 


The oblique-angled Triangle 
ABC being given, let fall a 
Perpendicular from the Angle at 


B on the Baſe A C, and that i 
Perpendicular is the Height of 8 JA 
the Triangle. The Baſe A C & P— 


being 28.6, and the Perpendi- 
cular BD 10, to find the Area? 


14.3 Half the Baſe. 
10 Height of the Triangle. 


143.0 Area, 


And here the Learner may obſerve, that this Way of 
meaſuring an oblique-angled "Triangle is the fame with the 
meaſuring a right-angled Triangle. In this Place, therefore, 
it may be proper to inſtruct the Reader in one of the Pro- 

5 1 5 perties 
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rties of a right-angled Triangle : Which is this, that . the 


uare of the. longeſt Side of a right-angled Triangle, uſually 
called the Hypothenuſe, is equal to the Sum of the Squares of 
the two other Sides, uſually called the Legs. This is the 
forty-ſeventh Propoſition of the firſt Book of Euclid: For 
the finding of which Pythagoras is ſaid to have facrificed a 
Hecatomb to the Muſes, it being a Thing of ſuch conſiderable 
Uſe; for, by this Means, any two Sides of a right-angled 
Triangle being given, the other may be found by common 
Arithmetic. Thus, in the right-angled Triangle ABC, the, 
Baſe AC and Perpendicular B C being given, the Hypothenuſe 
AB may be found by extracting the Square Root of the 
Sum of the Squares of the Baſe and Perpendicular, 


21 Baſe. I5.5 Perpendicular. 441 
1 15.5 240.25 
21 775 681.25 (26.1 Hypo- 
42 775 4 (thenuſe. 
441 — 46) 281 
240.25 276 
521) 525 
521 


| | 4 

And, if the Hypothenuſe and one of the Legs are given, 
the other may be found by ſubtracting the Square of the given 
Leg from the Square of the Hypothenuſe, for the Square Root 
of the Remainder is the other Leg. : 

In theſe Operatians, the true Length of the Side ſought 
cannot always be found, becauſe the Sum of the Squares of the 
Legs, or the Difference of the Squares of the Hypothenuſe and 
given Side, rarely happen to be Square Numbers : In which 
Caſe, the Extraction may be continued as far as is neceſſary, 
in order to come as near the Truth as may be judged proper. 
But there are ſome Square Numbers whoſe Sums do make a 
Square: Of which Sort are the Numbers 3 and 4, whoſe 
Squares being added together make 25, which is the Square 
of 5: Therefore, if the Baſe of a Triangle is 4, and the Per- 
pendicular 3, the. Hypothenuſe will be 5: And, if any of 
theſe Numbers are multiplied by any other Number, thoſe 
Products will be the Sides of right-angled Triangles; as 6, 
8, 10, and 15, 20, 25. Thus Artificers, when they ſet off 


the 
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the Corner of a Building, - uſually meaſure 6 Feet on one Side 
and 8 Feet ori the other, then laying: croſs a ten-feet Pole, it 
makes the Corner a true right Angle. 

Article 57. There is another Method of finding the Area of 
T riangles, the three Sides being given. 

Rule. Add the three Sides together, then take the Half of 
that Sum, and out of it ſubtract each Side ſeverally : Multiply 
the Half of the Sum and theſe Remainders continually ;-. then 
extract the Square Root of this Product, which will be the | 
Area of the Triangle. n N 
In the former oblique Triangle, the Baſe A C is given 
28.6, the Side A B is 18:32, and the Side BC is 16.6, to 


find the Area ? | KY 
28.6 ; 31.76 31.76 31.76 
18.32 28.6 18.32 16.6 
16.6 — — — — — 
— — 3-16 13.44 15.16 
63.52 Sum. 6 » 
31.76 Half the Sum, 
31.76 20448.7 16084 (142.999 
3.16 I 
T9056 | 24) 104 
3176 96 
9528 e 
— — 282) 848 
100. 3616 564 
3 | 1 
— — 223840) 287 
4014464 25641 
4014404 er ee 
3010848 2238589) 283060 
1003616 257301 
1348.8 599.04 285989) 2575984 
5 416 257390 
80931 594 h 2083 
13488 599 | 
67442095 
13488 509 


20448. 16084 3 Thus 
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Thus is 142.999 the Area of the Triangle, which is within 
oo Part, hat was before found. 


Article 58. To meaſure a Trapezium. 
Deßnition. A Trapezium is an irregular Figure, of four 
inequal-Sides, and unequal, Angles. 

Draw a Diagonal from one of the Angles to the 
oppoſite Angle, and then will the Trapezium be divided into 
two Triangles, of which the Diagonal is the common Baſe: 
Then drawing Perpendiculars from the other oppoſite Angles bp 
the Diagonal, add thoſe Perpendiculars together ; and multiply 
the Half of that Sum into the Diagonal, or the Half of he 
Diagonal into the Sum of the * and that To 
is the Area of the Trapezium, 

In the Trapezium A BCD, 
the Diagonal AC is 498, the 
Perpendicular D E 10.8, and 
the Perpendicular B F 18. 8: 
The NY of the Perpendiculars 
is 29.6, whoſe Half is 14.8, 
which, being multiplied into 


498, gives the Area. | 


7 350.4 Area of the Trapezium. 


Artice 59. To meaſure any irregular Figure. 

Rule. Divide the Figure into Triangles, by drawing Di- 
dacnals from one Angle to another; then meaſure all the 
Triangles, by either of the Rules already taught at Art. 56 or 
57, and add the ſeveral Areas of all the APY together, 
which Sum will be the Area of the given-Figu 

The irregular Figure ABCDEF — divide it 
into Triangles by the Diagonals FB, EB, and DB: Then 
may the Triangles be meaſured by letting fall Perpendiculars on 
their reſpective Baſes, as Ba, Bb, De, F d, and multipying 
thoſe Perpendiculars by half their reſpective Baſes, according 
to the Rule of Art, 56 or by meaſuring the Sides of each 
* 


. 
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Triangle, and multiplying the 
Falf- Sum of the Sides of each 
into the Differences betwixt 
the Half-Sum and each Side 
continually ; then extract the 
Square Root of the Product, 
according to the Rule of Art. 
57. Thus having obtained the 
Areas of all the Triangles, add 
them together, and this will 
be the Area of the given Figure. 
In the Triangle AFB the 
Baſe F A is 100, and the 
Perpendicular Ba 49 3 in the 
Triangle FBE the Baſe BE is 92, and the Perpendicular Fd 

52 in the Triangle E BD the Baſe BE is the ſame as before, 
and the Perpendicular Dc 44 ; and in the Triangle DCB the 
Baſe D C is 80, and the Perpendicular Bb 38; by which the 
Area of each may be found, by Art. 56, as follows, 


50 Half AF. 46 Half BE: , 
49 Perpendicular Ba. 52 Perpendicular F 4. 
450 92 
_ .. 230 
—— , 
2450 Area of AFB. 2392 Area of FB E. 
46 Half BE. 38 Pependicular B 5. 
44 Perpendicular Dc. 40 Half DC. 
184 1520 Area of DCB. 
184 
2024 Area of E BD. 
| 2450 
| 2392 
) 2024 


I 1520 


9186 Area of the Figure ABCDEF. 


In dividing any irregular Fi — into Triangles, the Triangles 


vill be leſs by two than the Number of the Sides of the Fi ian 
an 


. 
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and the Diagonals leſs by three than the Number of Sides. 
Thus, in the preſent Caſe, the Figure bas ſix Sides, and is 
divided intd four Triangles, F A B, E BE, EBD, and DBC, 
by three Diagonals, B F, BE, and BD. | 


Article 60. To meafure any regular Polygon. 4 
Definition. A regular Polygon is a Figure whoſe Sides and 
Angles are all equal; * are uſually denominated from the 
' Number of their Sides: Thus, a Figure of five equal Sides is 
called a regular Pentagon; of ſix Sides, an Hexagon, &c. 

Rule. Multiply the Length of one of the Sides by the Num- 
ber of Sides; then multiply this Product by the Half of a 
Perpendicular let fall from the Center of the Figure to the 
Middle of one of the Sides, and the Product is the Area of 


the Polygon. Wet 
In the Pentagon A BCDE | A 
each Side is 95, and the Per- 


pendicular FG 65.36, to find 
the Are? 


95 
2 


475 Sum of the Sides. 
32.68 Half the Perp. FG. 


800 
$50 
950 
1425 


15523.00 Area of the Pentagon. 


* 


"#0 


But, for the more ready meaſuring regular Polygons, the 
following Table, containing Multipliers for all regular Figures 
from the Triangle to the Dodecagon, or Figure of twelve Ses, 

will be of Uſe to the Learner. The Rule for making the 
Table will be ſhewn at the End of the Trigonometry. 


33 * Number 
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| ern” _ — — — 
br Sides. | Names. Multipliers. || 


3 Trigon 433013 
4 Tetragon 1. oo | 
$ Pentagon 1.720477 
7 
8 


1 


Hexagon 2.5890 
| Heptagon 306339059 
25 Octagon 4.828427 
9 | Enneagon ] 6.181827 
10 | | Decagon, 7.694209 
11 | Endecagon | 8.514250 | 
I2 Dodecagon 9.330125 | 


Now, if a Side of any of theſe Figures be given, ſquare the 
Side, and multiply it by the Multiplier in the Table, and the 


Product is the Area of the Figure. 
Exam. 1. A Pentagon whole Exam. 2. An Octagon whoſe 
Side is 95 Feet. dice is 67 Feet. 
95 | 67 
gs © 67 
475 7 469 
Ws. | 402 
9025 . als 
1.72 Multiplier. 4.828 Multiplier. 
18050 35912 | 
63175 8978 
9025 35912 


* 


2 17956 
15 523.00 Area as before. — — (Octagon. 


2167 2.892 Area of the 


Exam. x. The Square of the Side is 9025, which being 
multiplied by 1.7 2, the Multiplier in the Table, omitting the 
other Figures, as the third Place of Decimals is a Cypher, the 
Product is 15523, for the Area of the Pentagon, as before. 

The other Example is done in the ſame Manner, only there 
I have taken three Places of Decimals in the Multiplier, the 
third Place being 8, otherwiſe two Places are ſufficient in 
moſt Caſes. I To 


8 
2 
2 
on 
+5 
* 
4 
"7 
ef 
\ 
* 
* 
3-0 
2 
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To Meafure a Circle and its Parti. 


What a Circle is, and how deſcribed, is ſa. well known 
that it can't be neceſſary to define it, any farther than to 
acquaint the Reader with the Names of the ſeveral Parts to 
be meaſured or referred to in meaſuring. 

In the annexed Circle AB CD, 
the Arch-Line AB C D is called 
the Periphery, the Length of which 
is called the Circumference: Any 
Line, as DB or AC, paſling thro” 
the Center E, cuts the Circle. into 
two equal Parts, called Semicircles 
or Half. Circles; and ſuch Lines are 
called Diameters of the Circle : If 
two Diameters are drawn thro* a 
Circle, at right Angles to each 
ather, then is the Circle divided into four equal Parts, called 
Duadrants : Half the Diameter, as E B, is called the Radius 


or Semidiameter, 


Article 61, The Diameter of a Circle being given, to find 
the Circumference, 

Rule. This may be done by either of the following Pro- 
portions ; in whole Numbers, as 7 is to 22, or in Decimals, 
as I is to 3.14159, ſo is the Diameter of a Circle to the 
Circumference. . ä 


Exam. A Circle whaſe Da is 17, to find ws Cir- 
cumference ? 


As 7 is to 22, ſo is 17. As is to 3.14159, ſo is 17. 
| I7 . 1s 
154 2199113 
22 | 4 314159 
7) 374 (53:4 Circum- 53.4004 Circum- 
deen. STI (ference. 
24 
21 
30 
28 


— — 


A bo 2 ; 8 The 
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The Anſwers are nearly the ſame in both; but, for preater 
Expedition, the Multiplier in the Decimals may. be reduced 
one e Figure, and 3.1416 may be uſed without any ſenſible 
Difference ; by which the Diameter of a Circle being multi- 
plied, the Product is the Circumference : The firſt Term in 


the Proportion being I, the Work of Diviſion is rendered 
uſeleſs; . | 


Article 62, The Circumference of a Circle being given, to | 
find the Diameter. 


Rule. As 22 is to 7 or as 1 is 183 ſo is the enen 
ference of a Circle to the Diameter , 


Exam. The 2 -of a Circle being 473, to find 
the Diameter? 


As 22 is to 7, ſo is 473. As tis to 37837, fo is 473. 


473 31831 
MN | 23 
22) 3371 (750.ĩ5 9540 
22 222817 
* 127324 
i Wh | | * — 
110 | 150. 56063 
110 
110 
0 


Article 6 3. To find the Area of a Circle. 


Rule. Multiply Half the Diameter by Half the Circum- 
ference, and the Product is the Area. 


If the Diameter is given, find the Circumference by Art. 6x ; 
if the Circumference is given, find the Diameter by Art. 62. 


Exam. A Circle whoſe Diameter is 17, and Circumference 
53.4, to find the Area? 


26.7 Half the Circumference. 
8.5 Half the Diameter. 


1335 
2136 


226.95 Area of the given Cirele. | 
| | Article 
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Article 64. The Diameter being given, to find the Area of 
a Circle without finding the Circumference, ©  * 

- Rule. Square the Diameter, then multiply the Square by 
;78539, and the Product is the 2 of the Circle whole 
Diameter was given. 10 15 


a The Dun of a Circle being 155 to find te 
rea? 


. 


bos | oa. 
17 4 289 
— _ — — 
119 706858 
17 628312 
— 157078 
289 


226. 9777 1 Area of the Cirele. 


For greater Expedition, the Multiplier may be 7856 
2 will be ſufficiently exact. 


5 Article 65, The Circumference of a Circle being given, to 
find the — without finding the Diameter. 
Rule. Square the Circumference, then multiply that Square 
by .07958, and the Product is the Area of the Circle. 


Exam, The Circumference of a Circle being 5 3.4, to find 


the Area ? 
53-4 2851.56 
534, 07953 
2136 | g 2281248 
—_— 1425780 

2670 2566404. 

| 1996092 

2851.56 


226.927 neal Area of the Cirde. 


The Lenmar may perceive, that, in the three different 
Ways of finding the Area, the Differences are but ſmall, tho 
there was an Omiſfion of ſome of the Decimals to render the 
Work leſs tedious, | 


Article 


So 
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Article 66. The Dimenſions of any of the Parts of a Circle 
being given, to find the Side of a Square equal to the Circle. 
- Rule, If the Area of the Circle is given, extract the Square 
Root of the Area, which will be the Side of a Square equal 
to the Circle: If the Diameter or Circumference be given, 
find the Area by the Rules in Art. 64 or 65, and extract the 
Square Root of the Area found, which Root will be the Side 
of a Square equal to the given Circle. And this is a general 
Rule to find the Side of a Square equal to any ſuperficial 
Figure, regular or irregular : For the Square Root of the Area 
of any Figure whatever is the Side of a Square equal to the 
given Figure, But, with Regard to Circles, if the Diameter 
is given, multiply it by .886, and the Product will be the 
Side of a Square equal to the Circle whoſe Diameter was ſo 
given: And, if the Circumference is given, multiply it by 
282, for the Side of a Square equal to the Circle whoſe Cir» 
cumference was ſo multiplied, 


Exam. r. | {+ CS; 


Let the Diameter of a Cir- The Circumference being 
cle be 17, to find the Side 3-4, to find the Side of a 
of a Square equal to the yare ? | 


Circle ? 
53-4 
.886 © 
— 1068 
7202 4272 
886 | 1068 
15.c62 Side of a Square. 15.0588 Side of a Square, 


The Learner may try the Truth of theſe Operations, by 
finding whether the Area of a Circle whoſe Diameter is 17 is 
the ſame with the Area of the Square whoſe Side is 15.062. 
The ſecond Example may be tried in the ſame Manner, 


Article 67. The Area of a Circle being given, to find the 
Diameter. | 
\ Rule. Multiply the given Area by 1.2732, and the Product 
is the Square of the Diameter; then extracting ' the Square 
Root of the Product, you have the Diameter. 


Exam. 
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| Exam. The Area of a Circle being 226.9, to find the 


226.99 228.8437 (16.99 Diameter.) 
1.273 | I 8 oY 
687 250) 188 
15003 156 
453 3 
2269 329) 3284 
_ I 2961 
288.8 2 — 
* | 3389) 32337 
30501 


* 


5 1 836 Remainder. 


Article 68. The Area of a Circle being given, to find the 
Circumference. . | 
Rule. Multiply the given Area by 12.566, and extract the 
Square Root of the Product, which Root will be the Circum- 
ference of the Circle whoſe Area was ſo multiplied. 


Exam. The Area of a Circle being 226.9, to find the 
Circumference ? 3 


12. 566 285 1.2254 ( 53.39 Circumference, 
226.9 25 

113094 103) 351 
75396 309 

25132 — — 

25132 1063) 4222 
* 3189 
28512254 * 


70669) 103354 
96021 


— 


7333 Remainder. 


In theſe two Examples, the Numbers come out ſomewhat 
leſs than the Truth, but near enough for common Uſe. 


Article 


— — — — — — — 
— —— — — — 
hs — — 
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Article 69. The Side of a Square being given, to find the 
Diameter of a Circte equal to the Square whoſe Side is given, 

Rule. Multiply the given Side by 1.128, and the Product 
will be the Diameter of a Circle whoſe Area is og to the 
Area of the given Square, 


Exam. The Side of a Square being 15.04, to find the 
Diameter of a Circle equal to that Square? 


15.04 
W 


12032 
1504 
25 


"1696 wen Aafwet. 


Article 70. The Side of a Square being given, to find the 
Circumference.of a Circle equal to the given Square. 

Rule. Multiply the given Side by 3.545, and the Product 
will be the Circumference of a Circle FE to the given Square. 


Exam. The Side of a Square being 15.04, to ** the Cir- 
cumference of a Circle equal to that Square? 


I5,04 
3.545 


7520 
6016 
7520 
* 


5 3.31680 . 


The Truth of the Operations in the two laſt Artieles the 
Reader may try as at Art. 66. 


Article 71. To find the Area of a Semicircle, the 3 
being given. 

Rule. Find the Area of the Circle, by Art. 64, and take 
the Half of it. 

In the ſame Manner may the Area of a Quadrant, or a 
Quarter of a Circle, be found, by taking a * Part of the 
Area of the whole Cirele. 

But, with Regard to meaſuring a SeQor, or a Segment of a 
Circle, it will be neceſſary firſt to ſhew the Way to find the 

Length 
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Length of the Arch-Line of a Sector, and the Diameter of 
the Circle to a given Segment. 

Article 72. A Sector or 1 being given, to 
find the Length of the Arch-Li 7 pas | 

Rule. Divide the Segment into two equal Parts; then 
meaſure the Chord of the Half-Arch, from the Double of 
which ſubtract the Chord of the whole Segment; and one 
Third of that Difference, being added to the Double of the 
Chord of the Half-Arch, is the Length of the Arch-Line, 


Exam. In the Segment B 
ABCD the whole Chord : 
ADC is 216, and the 

Chord AB or BC 126, to 
find the Arch-Line ABC? A 


126 Chord AB or BC. | | 

W755 | 252 Double of AB. 
— 12323 of the Difference add. 
252 Double. — | 
216 AD C ſubtracted. 264 Length of the Arch ABC. 
36 Difference. A cl 
Article 73. The Chord and verſed Sign of a Segment being 
given, to find the Diameter of a Circle. | 

Rule. Multiply Half the Chord by itſelf, and divide the 


Product by the verſed Sine; then add the Quotient to the 
verſed Sine, and the Sum is the Diameter of the Circle. 


Exam. In the Seg- | 
ment ABCD the 5 
Chord A C is 7478, 
and the verſed Sine 


BD 1694, to find A, 
the Diameter ? 


« 


dy 
74788 


3739 Half the 


33051 
11217 
26173 
11217 


13085121 


169% 


bf the Sector? 
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1694) 13980121 (8252 DF. 
| 13552 1694 BD add. 


4281 9946 Diameter BDE. 
3388 3 


134 


233 


Article 74. To meaſure a Sector. | | 

Definition. A Sector is a Part of a Circle, contained between 
an Arch-Line and two Radii or Semidiameters of the Circle. 

Rule. Find the Length of Half the Arch, by Art. 72; then 
multiply this by the Radius or Semidiameter, and the Product 
is tho Area. : 


| Exam. 1, In the Sector 
ABCD, given the Ra- 
dius AD or DC 36 Feet, 
the Chord A C 63 Feet, 
and the Chord AB or BC 
35 Feet, .to find the Area 


35 Chord AB, 
2 | | 
— * 356.166 Half the Arch. 
o 6. ius. 
85 ſubtrac̃t. — K. — | 
— m 71 
3) 7 108498 


——ů— — 


2.33 "ales 6 Area of the Seftor, 
0 301.97 FTE 


—  —_—__ 


72.333 Length of the Arch ABC, by Art. 72, 


| Fam 
PF 1 
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Ex. 2. In the Sector ABCD, | We... 

greater than a Semicircle, given ez 
the Radius AE or ED 56, the 2 
Chord B D of Half the Arch | 

ABD 102, and the Chord BC 

of Half the Arch B C D 60, to 


find the Area of the Sector: 
60 BC. : 
2 os AV 
120 126 Half the Arch, 
102 ſubtract. 8 OY 56 Radius. 
3) 18 2.2 wr 
mm — | 630 | 
6 ROOT 
120 add. 7086 Area of the Sector. 


126 Length of the Arch BCD, by Art. 52. 


Article 75. To find the Area of a Segment of a Circle. 

Definition. A Segment of a Circle is any Part of a Circlg 
cut off by a right Line drawn croſs the Circle, which does 
not paſs through the Center; for, if a right Line paſſes 
through the Center, .it is a Diameter, and divides the Circle 
into two equal Parts called Semicitcles; but a Segment ig 
always either greater or leſs than a Semicircle, | l 


| Exam. 1. To find the Area of 
5 the Segment ABC, whoſe Chord 
AC is 86, the Chord of Half the 
Arch BC 52, and the verſed Sine 
BD 29.24? : 
Rule. By Art. 72, find the 
Length of the Arch-Line ABC, 
and, by Art. 73, the Diameter 
BF; then multiply Half the 
Chord of the Arch A BC by Half 
the Diameter, and the Product Wh 
is the Area of the Sector AB. C E: Then find the Area of 
the Triangle A E C, whoſe Baſe A C is 86, and perpendicular 
Height DE 17, found by ſubtracting the verſed Sine B D 
from Half the Diameter; and the Area of the Triangle A EC, 
being ſubtracted from the Area of the Sector AB CE, leave; 
the Area of the Segment ABC. mw 
21 T4: 52 BY, 


52 BC. 43 Half ADC. 
3 | 43 
r 129 
86 AC ſubtract. 172 
) 18 29-24)1849.00 (63.235 DEF. 
_ 17544 209.24 BD add. 
104 add, 9460 92.475 Diameter BF. 
2 35772 
110 Arch-Line ABC, 
| 6880 
5848 
46.237 Radius. 10320 
55 Half the Arch. 8772 
231 18 5 x 5480 
2 14620 
— — (Sector. — 
2543 035 55 Arca of the . $60 


43 Half the Baſe AD. 2543. 


17 Perpendicular D E. 731 
301 | 1812 Area of the Segment. 
43 | 


731 Area of the Triangle. 


Exam. 2. In the Segment 
ABCD, greater than a Semi- 
circle, given the Chord of the 
whole t AD 68, the 
Chord A C of Half the Arch 
ACD 73, the Chord AB or 
B C of one Fourth of = 
Arch ACD 4 
Radius AE or FE 40 —— 


find the Area of the Segment N 
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Firſt find the Area of the Sector ABC DE, by Art. 72, at 
the ſecond Example; then find the Area of the Triangle 
AED, by Art. 56; and, adding the Area of the Triangle 
to the Arca of the Sector, that Sum is the Area of the 
Segment. 


43 Chord AB. | 34 Half the Baſe AD. 
*Y | 21 Perpendicular E.68. 
| OW Ab 34 
73 Chord A C ſubtract. 68 3 
— . 3 AE 
14 Area the Trian 
2 a 1 3.32 Area of the Sector add. 


4. | — 
86 2 dls of AB add. 4327.32 Area of the Segment. 


40 * e 2 WITTY 


3613-320 Area of the Sector. 


The Arch-Line A B C being but Half the Arch of the 
Sector, multiply it by 40, the Radius, and the Product 
3613.32 is the Area of the Sector; to which adding 714, the 
Area of the Triangle, their Sum 4327.32 is the Area of the 
Segment, 


Article 76. To find the Area of an Ellipſis. 

Definition, An Ellipſis, commonly called an Oval, is a 
Curve which returns into itſelf like a Circle, but has twa 
different Diameters, one longer than the other. 

Rule. Multiply the two Diameters of the Ellipſis together; 
then multiplying that Product by .78539, or .7854, this laſt 
Product is the Area of the Ellipſis. 


In the Ellipſis AB C D, the tranſverſe or longeſt Diameter 


BD is 44, and the conjugate or ſhorteſt Diameter A C 36 
to find the Area? 888 | 15 


44 
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88 22 


264 

132 

1584 
23854 

6336 

7920 
12672 

11088 


— 8 —— 


1244. 0730 Area of the Ellipſis. D 


Article 77. To meaſure a Parabola. 

Definition. A Parabola is a Figure made by cutting a Cone 
[See the Definition of a Cone, Art. 81.] by a Plane parallel to 
one of the Sides : But the Figure will give the Learner a better 
Idea than any Definition, - 

Rule. Multiply the Baſe by the Height, and that Product 
by 2 ; then divide this laſt Product by 3, and the Quotient 


is the Area. N 

- Exam. The Baſe AC is 120, B 
and the Height BD 84, to find 
the Area? 


Die Meaſuring of Solids. 


| HE folid. Foot is compoſed of 1728 Inches: For a 

Solid that is 1 Foot, or 12 Inches, every Way, the 
| ſolid Content is 1728 Inches, as appears by the fol- 
lowing Article. | 998 | 


Article 18, To meaſure a Cube. | 
Definition. A Cube is a Solid of fix equal Sides, each of 
which is an exact Square, in the Form of a Die. 

Rule, Multiply the Side by itſelf, and that Product by the 
* and this laſt Product is the ſolid Content of 
the Cube. 


Kram. The Side of a Cube being 15 Inches, or 1 Foot and 
3 Inches, to find the Content ? 


41.25 15 
| 25 n ,» IS 4 
625 75 
KO. . 15 
1.5625 135 
1.25 — 
—n — 1125 
78125 225 
31250 
15625 1728) 3375 (1.95 ſolid Content. 
— — 1728 
„ 1.953125 N SRD 
16470 
15552 
9180 
8640 
540 Remainder. 


I have done this two different Ways, that the Learner may 
ſee they come out the ſame. The Content in Inches is 3375» 
Which being divided by 1728, the Inches in a ſolid Foot, and 
the Diviſion continued by annexing more Cyphers, it wall 
come aut exactly 1.963725, as in the Decimal ä * 

11 
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Article 79. To meaſure a Parallelopipedon. | 
_ Definition,” A Parallelopipedon is a Solid of three Dimenſions, 
Length, Breadth, and Thickneſs; as a Piece of Timber 
exactly ſquared, whoſe Length is more than the Breadth or 
Thickneſs. The Ends are called Baſes, which are equal. 

_ Rule, Find the Area of the Baſe, then multiplying that by 
the Length, it gives the ſolid Content. 1 


Exam. 1. The Side AB is 1.125, and the Length CD 
to find the ſolid Content ? 1 ITT 
| 3.125 
1.125 
3625 
22560 
1125 
1125 


a 


1.265625 Area of the Baſe. 
45 


bl 


* 


5.6948 125 folid Content. 


Exam. 2. A Veſſel being 2.5 Feet each Side within, and 
3 Feet deep, to find the Content? 


2.5 
2.5 


125 

a 
6.25 
3 


5 18.75 the Content. 


If a Piece of Timber, or any other Thing, is of an equal 
Bignefs through its whole Length, tho' there is a Difference 
between the Breadth and Thickneſs, if the Breadth and 

| Thickneſs are multiplied together, and that Product multiplied 
by the Length, this laſt Product is the ſolid Content. The 
fame is the Caſe with Regard to a Veſſel of three different 
Dimenſions, as a Ciſtern. | Exam, 


— ms 


270 


1350 
— 


1209 
— 
16740 


1 15532 
In this Operation th Inchs p 


into the Decimal 11880 

Fraftions of a Foot, by Ar= 10368 

ticle 48. ö r 
15120 


1 = 
. o a 
4 ” 
. * 
— * 3 „ 
| : * * 2 „ „ 1 
9 1 1 41 >» 892 0 . —— 
N 


— 


12960 


* 22 , * 8640 
8640 

RIO, ůͤ 
0 

1 > 


Article 86. To meslure 2 Cylinder.” 


1748) 13770 (7. 9687s, 


_ 85188 2 1% 2 08 n 
« » £1 8 1 * 7 


145 
1 N 2 Inches, or 
200 $ /Fet a 6 Tak 
N 

9 Inches, 
Ln 


Defnitien. A Cylinder is a round 1 A whoſe Baſes. are 


Circles, i 
Garden. 


n Me 


- Rule: The Diameter of the Baſe being given, find Wo 


| by Art. 64 ; then mul 
Leng, hs Prod the Content of he Cylinder 


IJ - 
8 4 = . 
1 . 1 i * : 
2 „10 N 1 
«a 2 0 " 


ths Area of. the Baſs by th 


$- 


o ales 
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Exam. The Diameter of the 2 4 
© being AY and. 140 9 12 4 | 
F * 
Tf the Inches are changed into che --- 
Decimal Fractiom of a Foot, as in the 
laſt Article, then. 
2.5 Feet, Diameter of the Baſe. 
3 
— * 7854 8 
125 6.25 N 
30 — * 
— 39270 2 
. 45708 7 
„ — 
43§᷑.9086 flo lues of the . 
C2221 3-75. 2 n 
r 
3436 OSS -36. 14d (14 3. 4 5% 1 2 
1472595 * 


11 
— 


18.407437 5 Content. 


The Reader may, for his Practice, reduce the Dimenſions 
to Inches, and kind the ſolid Content in Inches, which being 
divided by 2728, the Quotient will be the ſolid Content in 
Feet, as in the laſt Article. 

This is a — Rule for finding the Content of any ſtraight 
ſolid Body, of equal Bigneſs from End to End, of whatever 
Form the Babs are: For, if the Area of the Baſe is multiplied 
by the- Length, the Product is the ſolid Content. In ſuper- 
ficial Meaſure, we have given Rules for computing the Area 
of all Kinds of Figures; and, in Art. 60, a Table of Multi- 
I for all regular Figures: It will, therefore, be. ſuper- 

to trouble oy Lr with Examples of rriangular or 
* 81. To * a Cone. 
HBeſnition. A Coné is a Solid, which, from «Le. 
deen | A ends in Point ue the Top, in br 
Form of a round Spire. 

Rule. Having the Diameter of the Baſe, find the Area, by 
Art. 64; then multiplying ihe Area of the Baſe by one 
Third of the perpendicular Height, that Product is the Con- 
tent of the Cone, Exam, 


1 m er en. * . Us 
E „ The Diametar AC ny ns: iT 
the Height BD * e .B 


1 * Oy 
4 ABT? '2 ” RG | 


- t 1 
o — 4 
300 
Re « 0 - v4 ; : 5 4 'Y - *3z 1, f 
meg r ng 


+31 0000 a Arg of he Baſe. 
20 10 e 


211 


baz a0 Content. 74 20 th 1 | 


Article 8a. To mealure the Fruſtum af a 6855 | 
Definition. The Fruſtum of a Cone is the Part that 
when the Top is cut off by a Plane varalle to the Baſe. 
Rule. Multiply the Diameters of the two. Baſes and 
to this Product 440 one Third of the Square of the Difter ill 
of the Diameters ; then multiplying 2 Sum by e785 4, It | 
be a mean Area between the two Baſes, which, being mul- 
tiplſed hy the Length of the Fruſtum, — the ſolid Content. 
Ex. The former Cone being cut off i in 1 
Middle, the greater Diameter A D is 20, t 
leſſer Piameter B C 10, and the Height EF 
3o, to find the Content of the Fruſtum? 


20 20 
10 | 10 
— 4 : — 
* 200 — 10 
33-333 10 
—R—ᷓ— — ———— 
233. 333 OE 100 Square of the Difference. 
7854 
2 33.333 + ff the . Square, 
4a | | | + A ,- wink 
1188885 1 L.A ads! has 
1866664 | as $5 X | & 
_ 1033331 Nina witchad 
183.2597 382 mean Area. 1 
> 40 


$497-792 1460 Content of the Fruſtum. | . The 


n „ rRNA 


e and, if the 
b gpm lameter at the 
Baſe BC is 10, and eight 30, found by ſub- 
trafting the Height of the F we from the Height of the 
Cone) the — will be found 785. 4, which being added 
to the Content of the Fruſtum is 6283-29, which is the Con- 
tent of the whole Cone within Jeſs than one hundredth Part; 
and even that Difference is owing to the DefeR in taking the 
a 


Article 83. To meafure a Pyramid. . wears 3 
Definition. A 8 is a Solid, which, from ebene 3 


or 1 regularly till it ends i in a Point. 
| np re Area of the _—_ 


whether a Triangle, 
*. 4 "for han or the like, by 5. Rules laid” wn in 


Superhcial Meaſure ; then multiplying the Area of the Baſe by 
0 


one Third of N 2 is the ſolid Conteat ot 
od of he Yo d Contea 
: ; 3 K EO gende . a * B 
ght ing 75, and eac the ky 
5 18, to fad he ontent ? 1 4 
„ e 
144 
18 


324 Ares of the Baſe. 
25 T of the Height, 
* —, 
| 3620 
648 


r 


Exam. 2. 8 SAT Pyramid, the Hei ght BE e 96, 
and each Side of the Baſe 25 ; and the Baſe — this Figure being 


a Trian r to 
find the Content? : ? 


21.65 . 


a - a ; 2 298 21 i 1 
— - : & * As. ® ww +# 9 9 6 * 4 4 wo - 1 
FITYE 6 dicular D E. , 
. * 3 * * 1 ® 
2421.65 ME. ana 4:5 4 
* - S# LE , 89 - 
* 5 


„ 12.6 Balf Ac. 
7 ; 4 * — * 
10825 
8 4 
22 = 
| I „ 5 47 


3232 F of the Height, 
— — 1 
541250 
811875 
8660.000 Content. 


— 


Article 84. To meaſure the Fruſtum of a Pyramid, 

Definition, The Fruſtum of a Pyramid is what remains after 

op is cut off by a Plane parallel to the Baſe. 

Rule. Multiply the Side of the greater Baſe by the Side 
of the leſſer, and to the Product add one Third of the Square 
of the Difference of the Sides: If it is aquadrangular Baſe, this 
is the mean Area between the Baſes; but, if the Baſe is any 
other regular Figure, take the Multiplier in the Table, Art. 
60, by which multiplying this Sum, the Product is the mean 
Area between the Baſes: Laſtly, multiplying this by the 
Height, it gives the Content of the Fruſtum. | 


Exam, 1. The Side of the greater Baſe 
AD 18, as before, the Side of the leſſer BC 
6, and the Height EF 50, to find the 
Content? | = 


18 18 156 
bee 21 2208 4 50 
s ka — 
108 12 Difference. 7800 Content, A 

48 I2 


—— — 


156 144 Square of the Difference. 
2 «if 2 of the Square, 


Exam. 2. 
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Exam. 8. The Side of the greater Baſe 
AC 253 as before, the Side of the leſſer B V 
Baſe BD 12.5, and the Height EF 48, io 
find the Content? | 3 


is fi 


| — 
11 
"itil 
| N 
Mr 
"4 I 
I 


2 
12.5 
12.5 Difference f A 
12.5 (the Bides. 
| — 4 
625 
250 c 
12 4 Wee 
: —_— 25 _ "0191003 4 th 
3156.25 Square of the Difference. 
I a * * mw * * 4 a Dn * 
5 _ $08 7 of the nn; ũ 
Sz 201. 04 lieg aA s d ito 11s ai go L 248 
Ee 1 35488 bie Sis. vc: BEA 
ru. 2217 dae ond : | 35} 2112 10 
BI NEG 16. URL AD PRESTR eee. <3 1 th (14-41 19 
«4 11 52 109374 3 Sh@D 8 5 * | 4 
14109374 * 321 1 
010 145832 - fi pig 
yr __wrw 4 .--'. +. F 
1857.861314 mean Arg. 
48 Height. | 
4 126290 | He var . 


$3145 - 1 14 q 
7577.40 Content. 


When one Third of the Square of the Difference is added 
ta the Rectangle of the Sides of the Baſes, multiply by .433, 
the tabular Multipher for Triangles,” Art. 60, which gives 
157.86, the other Decimals being cut off to ſhorten the 
Work; only, in multiplying, remember to add what is to be 
carried, , that is, 2 when you multiply by 8, for 8 times 3 is 
24, and I when you multiply by 4, for 4 times 3 is 12. 

If the Pyramids that were cut off are meaſured, by Art. 83, 
and. their Content added to the Content of their reſpective 


Fruſtums, 


| 
=_ 
' 


e Mink of, i 87 

Fruſtums, they will be gere en the Content found in tha 

Antics, te e ne ſt in retrenching the Decimals. 
5 14 


The. Baſe the ſame with, the leſſer Baſes 
of the a of thk "The Height of the triangular Pyramid that 
was cut off is 48, and the Fwy of the quadrangular 25, 
us at Art..82: The Area of the firſt witl be found 
1082.5, and of the other 300, which the Learner may try 
for his Exerciſe and Improvement. 


Article 85. To meaſure a Globe. 

Definition. A Globe is a round ſolid Body, i in the Middle 
of which is a Point, from which all Lines drawn to the Sur- 
face are equal. 

Kal. Cube the Diameter, then multiply that Cube by 
„5236, and the Product is the ſolid Content of the Globe. 


1 The Diameter of a Globe is 32, to nd, the 
Content ? 5 


"271573248 Content. 141 


If the Circumference of the Globe is given, — te 
Circumference, and —_— the Cube wy 016887 for the . 


Content, 


% 


7 41 . 
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Article 86. To meaſure the Surface of a Globe, - 
* Rule. Multiply the Circumference and Diameter 
and the Product is the ſuperficial Content, or Area, of the 
Surface of the Globe. 


Exam. The Diameter of a Globe being 3/2. to find it 
_— | 


3.1416 6 10.053 
3-2 «1 2 "= rt 4-2 | 
2 32 | | s rfl 20106 
9424 301 59 . 
— (by Art. 61. — — (Surface. 
10. 05312 Circumference, 32.1696 Area of the 


_ $7. To meaſure the Solidity of a Fruſtum or Segment 
of a Globe. 

1 The Fruftum of a Globe is any Part cut off by 
a Plane. 

Rule. To three times the Square of the Semidiameter of the 
Baſe add the Square of the Height; then multiplying that Sum 
4. Height, and the Product by 5236, it gives the ſolid 

tent. 


Exam. The Height BD being 12 Inches, and the Diameter 
of the Baſe AC — to find the Content ? 


13 Semidiameter. 12 Height. 
12 5 D 


— — 


144 


B 


7812 A 
5236 


3 Article 


00" X 5184 Square 


. Ihoſuring of St. 133 


Article 88. T' meaſure the Surface of a Fruſtum or Segment 


pf a Globe. 
Rule. Find the Diameter of the Globe, by Art. 73, and 


the Superficies of the whole Globe, by Art, 6 ; then lay, as 


the Diameter of the Globe is to the Height of the Fruſtum, 
ſo is the Superficies of the Globe to the Superficies of the curve 
Part of the Fruſtum; then find the Area of the Baſe, 

Art. 64, and add theſe two together, which will be the whole 


Surface of the Fruſtum. 


Exam. The Diameter A C dung 52; and the Height BE 


z, to find the Superficies? | 


36 Half the Dia- 
3 (meter 

216 

108 
— — 

13) 1296 | (99 Refidue of bs Diameter. 
4 83 
"726 312 Dune of cho Globe, r n 5117 arid 
117 1 en 
9 45 13. lo is 39408 
13 
3.1476 yob © A 3 —_— 

002" 9717" eee Mui 231 
652832 5 — 112) 512304 (457 f 
* 1416 : 448 Ar 03 8 

21416 se 
221 2 | A. 

351.8592 Circumſerene. 360 ; 

14112 | | | | — os 
5 1 . 2 784 
351859 8 | | 4 1 
351559 den 

| *: 448 : 
39408. 200 Area of the Surface of ä 


(the Globe. 16 


i:4 MATHEMATICS. 
OY 5184. Square of the Diameter of the Baſe, | 
n 


4071.51 36 Area of the Baſe of the Fruſtum. 
4574 Area of the cut ve Surface add. 


864 5.5 Area of the whole Segment. 


The Operation explained: Squaring the Half of the Dia- 
meter of the Baſe, and dividing by the Height, or verſed Sine 
BE, the Quotient is the Reſidue of the Diameter of the 
Globe; to which adding the verſed Sine 13, it gives 112 
for the whole Diameter : Then, by Art. 61, finding the Cir- 
tumſerence, and multiplying that by the Diameter, the Pro- 
duct 39408 (omitting the fractional Part) is the Area of the 
Surface of the whole Globe: Then, by the Rule of Three, 
finding the Area'of the Segment's curve Surface 4574, we 
next compute the Area of the Baſe, by Art. 63; and, adding 
theſe Sums together, we have 8645.5 for the Area of the 
Surface of the whole Segment or Fruſtum. 


As to the meaſuring the Surfaces of the other Solids, I efteem 
it uſeleſs, ſince the Rules laid down in ſuperficial Meaſure 
are ſufficient to find the Superficies of any of the foregoing 
Bodies: Unleſs it is neceſſary to inform the Learner, that the 
curve Surface of a Cone is a Sector, whoſe Arch-Line is equal 
to the Cone's Baſe, and the Radii equal to the Side of the 
Cone; ſo that, if Half the Circumference of the Cone's Baſe is 
multiplied by the Length of its Side, the Product is the Area 
of the curve Surface; to which if the Area of the Baſe is 
added, the Sum is the Area of the whole Surface of the Cone. 


. 


Article 89. To meaſure a Spheroid. 

Definition. A Spheroid is a ſolid Body like an Egg, only 
both its Ends are the ſame. | 1281 

Rule. Multiply the Square of the Diameter of the greateſt 
Circle, that is, the Diameter of the Middle, by the Length ; 
then multiplying that Product by . 5236, this Product is the 
ſolid Content. 


Exam. 


The Meaſuring of Solids: 
Exam. The Diameter Ac being 24, and the Logs BE 
30, to find the Content 37 57 ; 


— — 
2 


24 
24 17280 
— 5236 
96 
48 103680 A 
— v4 51840 
576 34560 
30 86400 
17280 9047. Bo8o ſolid Content. 


Art. go. To find the Side of a Cube equal to any ſolid Body. 
Rule. The ſolid Content of any Body being given, extract 


the Cube Root of the giv 
of a Cube 2 


Exam. 1. Find the Side of a 
Cube equal to a Globe whoſe 
Content is 16974- 593. 


16974. 25.7 Side of 
©97 593( ſcbe Cube. 


72627 


1340593 


en Solidity, which will be the Side 
whole ſolid Content was fo given. 


Exam. 2. Find the Side of 
a Cube equal to a Spheroid 
whoſe Content is 9047.808. 


047.808 (20.8 Side of the 
2 * | (Cube. 


120000 
600 


| — 


120600 


— — 


64 
4800 


120000 


124864 


998912 


— — —— 


48896 Remainder. 


X 2 If 


N 
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If the Dimenſions of any ſolid Body were given, and it was 
required ta find the Side of a Cube that is equal to that ſolid 
Body, find the Content of the given Body, by the Rules 


already laid down, and extract the Cube Root of that Number, 
which will be the Side ef the Cube required, Sa 


Article qt, To meaſure the Solidity of any irregular Body, 
whble Dimenſions cannot be taken. 

Set any regular Veſſel, either ſquare or round, and into 
it put the Body to be meaſured ; then pour Water into the 
Veſſel fo as to cover the Body, and meafure the dry Part from 
the Top of the Veſſel to the Surface of the Water ; then take 
out the Body, and meaſure again from the Top of the Veſſel 
to the Water, and ſubtract the firſt Meaſure from the ſecond, 
which is the Fall of the Water: Then, if the Veſſel is ſquare, 
meaſure one Side and multiply it by itfelf, and that Product 
by the Fall of the Water, which laſt Product is the Content 
of the Body: But, if it is a long Square, as a Ciſtern, mul- 
tiply the 3 by the Breadth, and that Product by the 
Fall of the Water; Or, laſtly, if it is a round Veſſel, iquate 
the Diameter, and multiply the Square by . 78 54, and that 

Product by the Fall of the Water, which gives the ſolid 
Content of the Body. | 


Exam. 1, A Body being Exam. 2, A Bady being 
put in a Veſſel 18 Inches put in a Ciſtern 2 Feet wide, 
ſquare, the Water ſunk 6 and 4 Feet long, the Water 
Inches, What was the Con- ſunk q Inches. What was the 


tent of the Body? Content of the Body ? 
4% Foot,” 4 
1.5 | 2 
75 8 (Inches. 
15 | 75 Decimal of g 
2.25 (. nches. 40 
5 Decimal of 6 56 
1.125 Content. : 6.00 Content. 


Exam. 1. Eighteen Inches is 1.5 Foot; which being ſquared 
is 2.25 Feet, and that being multiplied by .5, the Decimal of 
6 Inches, gives 1.125 Foot; which is 1 Foot and an eighth 
Part of a Foot. | 

Of 


The Meaſuring of Solids. 157 
/ Board and Timber Meaſure. 


The Meaſuring of Boardsis ſuperhcial Meaſure, the Thickneſs 
of a Board not being taken into the Account in meaſuring ; fo 
that a Board is a Parallelogram, the Meaſuring of which is taught 
Art. 53. In- regard to how much in Length is required to 
make a Foot to any affigned Breadth, there is a Table on the 
Joint-Rules, which every Carpenter is acquainted with; and 
when any Breadth is given, to find how much in Length makes 
a Foot, divide 144, the Square Inches in a Foot, by the given 
Breadth, and the Quotient is the Number of Inches required to 
make a Foot. | | 


Exam: 1. A Board being Exam. 2. A Board being 
18 Inches broad, how many 6 Inches broad, how many 
1 in Length go to a Inches make a Foot? 

oot? 


18) 244 (8 6) 144 (24 
I44 24 
Anſwer 8 Inches, Anſ. 24 Inches, or 2 Feet. 


Of Timber there are three different Sorts: If it is ſquare, 
and of the fame Bigneſs all the Way, it is a Parallelopipedon, 
the Meaſuring of which is taught Art. 793 if it is bigger at 
one End than the other, it is a Fruſtum of a ſquare Pyramid, 
the Meafuring of which is taught Art. 84; and, if it be 
round Timber, it is the Fruſtum of a Cone, the Meaſuring of 
which is ſhewn Art. 82. | 

But there is a cuſtomary Way of meaſuring both round and 
. ſquare Timber, which, tho' it be erroneous, is uſed by all 
Dealers: It will therefore be uſeleſs to repeat what has been ſo 
often proved, of the Errors of thoſe Rules. In round Timber, 
they uſually girt the Piece in- the Middle with a Cord, which 
they divide into four Parts; this fourth Part of the Circumfe- 
rence they call the Side of a Square equal to the Circumfe- 
rence; this fourth Part ſquar'd, and the Square multiply'd by 
the Length, they call the ſolid Content: In which there are 
two Errors; for the Bigneſs in the Middle is not a Mean be- 
| tween the greater and lefler Bafes, neither is the fourth Part 
of the String equal to the Side of a Square, of equal Area with 
the Circumference: And as to the Timber, after it is ſquar'd, 
if the Sides are unequal, they add the two Sides together, and 


take 


— rTXMR. 
CT D— 
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take the Half of that for a mean Side; which is another Error, 
tho* not of ſo much Conſequence as thoſe relating to round 
Timber: But, by Means of theſe ſucceſſive Errors, a Piece of 
Timber, when ſquar'd, contains more Feet than when it was 
round. It will therefore be proper to work an Example each 
Way, that the Difference may be ſeen. | 


Exam. 1. A Piece of round Timber being 15 Feet long, 
and Girt in the Middle 42 Inches, how much Timber is con- 
tain'd in. ĩt? ‚ 


4) 42.0 ( 10.5 one Fourth of the Girt. 
875 Decimal of 10 4 Girt 42 Inches, or 3.5 Feet. 


1 


875 (Inches. 1 
4375 | | 175 
6125 | 105 
— 1225 
765625 07958 
15 
— | 9800 
3728125 | 6125 
765625 11025 
on ”_ 8575 
11-384375 Content. - — 
| 97485 5lo 
15 
5274275 
974855 


15. 22825 Content. 


According to the common Way of Meaſuring, this Piece 
contains 11 Feet and about a Quarter and Half- Quarter; but 
by ſquaring the Circumference, and multiplying the Square by 
07958, as taught at Art. 65, and multiply ing that Product by 
the Length, which is the true Method, we bave 15 Feet, 
which is a conſiderable Difference; and this Difference would 
be increaſed, if a mean Baſe were to be taken, which the Cir- 
cumference in the Middle is not. \ 


Exam. 


1 8 


— — Z 
» : 


"t 
4a 
* if 
4 
2 
1 
j 
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4 
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Exam. 2. A Piece of 8 Timber being 9 Inches wide, 
10.5 Inches deep, and 16 Feet long, how much Timber'is con- 


tain'd in it? : 
.$75 Decimal of 10 + Inches. 8125 
75 Decimal of 9 Inches. 16 
2). 1625 (.8125 mean Side. 487 50 
8125 
12,9900 Content. 
des 
875 Decimal of 10 4 Inches, 65 52500. 809 mean Side. 
75 Decimal of 9 Inches. 64 | 
4375 | 1609) 15250 
6125 $3 14481 
65625 os 769 Remainder, 
809 
16 
— — 
4854 
809 


12.944 Content. 


In this Example the Difference is but little, as I obſerv'd 
defore, being not one Tenth of a Foot. 


To find how much in Length is requir'd to make a Foot of 
Timber to any given Square, there is on the two-foot Joint- 
Rules a Table of Timber-Meaſure, on the contrary End to 
that of Board-Meaſure ; the Uſe of which is known to every 
Carpenter: And to find it to any given Square, not in the 
Tabk, divide 1728, the cubic Inches in a Foot, by the given 
Inches ſquare of the Piece, and the Quotient is the Length 
requir'd to make a Foot. | 


Exam. 
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Exam, 1. A Piece of ſquare Exam, 2. A Piece of Tim- 
Timber, whoſe Side is 8.5 In- ber whole Side is 16.5 Inches 
ches, how much in Length how much in Length will 


will make a Foot? make a Foot ? 
8.5 186.5 
833 16.5 
425 E 825 
680 1 990 
72.250 1728.00 (23· 9 — 
14450 272.25) 1728.00 (6. 38 
ppp 163350 
28300 — — 
21675 94.500 
— | 71675 
66250 — 
65025 228250 
— . 217800 
1225 Remainder, — 
10450 Rem, 
Anſwer 1 Foot, 11.9 Inches, Anſwer 6. 38 Inches. 


Of the Five Regular Bodies. 


There are five Solids contain'd under equal, regular Sides, 
which, by way of Diſtinction, are called The five regular Bodies. 
Theſe are the Tetraedron, the Hexaedron or Cube, the Ofta- 
edron, the Dodecaedron and the Eicofiedron. The Meaſuring 
of the Cube was ſhewn at Art, 78. I {hall now ſhew how to 
Meaſure the other four, | 9 | 


Of the Tetraedron, 


The Tetraedron is a Solid contain'd under four equal and 
equilateral Triangles; that is, it is a triangular Pyramid of four 
equal Faces, the Side of whoſe Baſe is equal to the ſlant Height 
of the Pyramid, from the Angles to the Vertex, 

The firſt Thing to be done is, to find the perpendicular Height 
of the Triangles ; which is done thus; from the Square of the 
given Side ſubtract the Square of Half the Side, and extract 
the Square Root of the Remainder, and this will be the per- 
pendicular Height of the Triangle. 

The 
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The Side of a Tetraedron being 12, to find the ſolid and 


ſuperficial Content. 


Side 12 alf the Side 6 1058. 0000 (10. 30 
12 6 1 a 
144 | 36 203) 800 
36 60g 
| 2069) 19100 
* 9 


If four more Cyphers were annex'd, the Root would be 
10.3923 for the perpendicular Height of the Triangle; there- 
fore, by Art. 56, Half the Side mulciplied into the perpendi- 

E cular Height gives the Area of the Baſe. 
9 | 10.3923 
| | 6 Half the Side, 


62.3538 Area of the Baſe. 


To find the ſolid Content: At Art. 83, we have ſhewn the 
Way to find the Solidity of a Pyramid, by multiplying the 
Area of the Baſe by one Third of the Height, or, which is 
the ſame, one Third of the Area by the Height of the Pyra- 
mid: Now, to find the perpendicular Height of the Tetra- 
edron, ſubtract the Square of Half the given Side from the 
Square of the Triangle's Height before found, and divide the Re- 
mainder by the Double of the Triangle's Height, and the Quo- 
tient will be the Diſtance of the Center of the Baſe from the 
Sides; and this Quotient, ſubtracted from the Height of the 
Triangle, gives the Diſtance of the Center from the Angles, 


108 The Square of the Triangle's Height, 
36 The Square of Half the Side. 1 0 


20.7846) 72.0000 ( 3.464 Diſtance of the Center from 
623538 (the Sides, 


964620 

831384 | 
1332360 From 10.3022 a 
| 1247076 i Subtract 3.464 


852840 6.9283 Diſt. from the 
831384 £ (Angles. 


—— — — — 


214<6 Y | If 
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If the Square of the Diſtance of the Center of the Baſe from 
the Sides be ſubtraed from the Square cf the Triangle's 
Height, the Square Root of the Remainder is the perpendi- 
cular Height of the Pyramid. 
3-464 
464 


138 56 
20784 
138565 
10392 

— — 

11. 909296 
From 108 Square of the Triangle's Height. 
Subt. 12 Square of the Diſtance of the Center from the Sides 


96.0000 (9.79 
81 | 


187) 15 
130g 


1949) 19100 
17547 


— — — 


1559 
As we took 12 ſor the Square of the Diſtance of the Center, 
inſtead of 11.999296, we may call the Height of the Tetra- 
dron 9.8, it being near the Truth: This multiply'd into 
20.7846, the Third of the Area of the Baſe, gives the Solis 
dity of the Tetraedron. 
20.7846 
9.8 


1662768 
1870614 


203. 68908 Solidity. 


For the Superficies, the Area of the Baſe multiply'd by 4, 
as the Faces are alkequal, gives the Surface of the Tetraedron. 

If the Square of the Diſtance of the Center from the An- 
gles had been ſubtracted from the Square of 12, the = 


7 


——— 


2 
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Side, the Square Root of the Remainder would be the Height 
of the Pyramid, as before. 
Square of 12 is 144 
Square of 6.9283 is 48 


96 Remainders; whoſe 


Root being extracted gives the perpendicular Height of the Py» 
ramid the fame as before. arg 


Of the Octacdron. 


The O#aedren is a Solid contained under eight equal and 
equilateral Triangles, which may be conceiv'd to conſiſt of 
two quadrangular Pyramids, of equal Baſes, joined together : 
Therefore, to meaſure the Solidity of this Body, it will be ſuſh- 
cient to conſider it as two ſquare Pyramids, the Sides of whoſe 
Baſes are equal to the given Side of the Triangles, under which 
it is contained, 

The Side of an Octaedron being 12, to find the ſolid and 
ſuperficiał Content. | | 

The Sides of the Baſes being 12, their Area will be 144, 
by Art. 52. If the Square of Half the given Side be 


ſuls 


trated from the Square of the perpendicular Height of the 
Triangle, the Square Root of the Remainder is the Height of 


each Pyramid. | 
The Side of the 2 being the ſame here as in the 


Tetraedron, the Square of the Perpendicular of the Triangle 
will be 108, as before; from which ſubtracting 36, the Square 
of Half the given Side, the Remainder is 72; whoſe ſquare 
Root multiply'd by 48, the third Part of the Area of the Baſe, 
gives the ſolid Content of one Pyramid; which doubled gives 
the Solidity of the Octaedron. | 


P 2 (8.485 Height of each 8.485 
4 (Pyramid. 48 
164 (800 67880 

656 33940 

1688) 14400 407.28 

13504 2 

16965) 89600 $14.56 $olidity. - 
84825 
4775 
Y 2 
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The Area of the Baſe being the ſame here as in the Tetra- 


edron, the Superficies will be the Double of the Superficies of 
that, as here are Eight Triangles of the ſame Dimenſſons. 


Of the Dodecaedron. 


The Deogecaedron is a Solid contain'd under twelve equila- 
teral Pentagons, and may be conceiv'd to conſiſt of twelve penta- 
gonal Pyramids, of equal Baſes and Altitude, whoſe Vertexes 
meet in the Center of the Dodecaedron : Therefore, if we find the 
ſolid Content of one of thoſe Pyramids, that multiplied by 12 
gives the Solidity of the Dodecaedron. 

The Side of the Dodecaedron being 12, to find the ſolid 
and ſuperficial Content, | 
To find the Solidity of a Pyramid, we muſt firſt find the 
perpendicular Height: Now, the Side of a Dodecaedron being 
\ given, the ſlant Height of each Pyramid of which it conſiſts 
meaſur'd from the Angles to the Vertex, is to the given Side of 
the Pentagon, as 1 is to. 7 136444; and therefore this will be 
to that, as 7 136 to 1, nearly. . 
As 7136 is to 1, fo is 12. 
I2 


7136) 12.0000 ( 16.816 flant Height, 
EG | | 

48640 

42816 


w— 


58240 
| 57088 


— — 


* —_ 


I1520 
7136 


43840 
42816 


—d — 
N 1024 


Net find the Diſtance of the Center of the pentagonal 
| Baſes from the Angles : In all regular Pentagons, as 117556 
is to I00000, fo is the Side of the Pentagon to the Diſtance 


of the Center from the Angles, a 
: $ 


/ 
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As 117556 is to 100000, ſo is 12: 
| 7 5 


Kꝶ——— 


117556) 1200000 (10. 2079 
117556 


— 


. 244400 
235112 


— 


— 


928800 
822892 


1059080 
1058004 
— ann 
1076 
If the Square of the Diſtance from the Center be ſubtracted 
from the Square of the ſlant Height, the Square Root of the 
Remainder is the perpendicular Height of the Pyramid. 


16.816 10. 2079 
16.816 I0.2079 
100896 | g91871r 
16816 714553 

134528 2041580 

100896 1020790 

168 16 ; — — ͤ 
— — 104. 20122241 
282.7778 56 | 
I104.201222 


7— — — Fc. 


178. 576634 (13.36 perpendicular Height. 
I 


23) 78 
69 


— — 


263) 957 
789 


2666) 16866 | 
15996 


870 | 
The 
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The Square of 12, the Side of the Pentagon, multiplied into, 
the tabular Number for Pentagons, in the Table of Art. 60, 
will give the Area of the Baſe. 


12 1.720477 
12 I44 
144 6881908 
6881908 
2720477 


247.748688: Area of the Pentagon. 
4.45 one Third of the Height. 


— — 


1238743440 


* 0 _- * * 


12 


— 


13229-7799 392 Solidity of the Dodecaedron. 


If the laſt Extraction had been farther continued, the per- 
pendicular Height would be 13.3632, whoſe third Part would 
be 4.4544 3 in which Caſe the Solidity would be 13241, 
and ſomewhat more. | 

For the Superficies, the Area of the Pentagon multiplied by 
12 gives the Surface of the whole Dodecaedron. 


247-7 48688. 
I2 


> 


297 2.9842 56 Superkicies, 


O the Eicoſiedron. 
The Eicofiedron is a Solid contained under twenty equal and 


equilateral Triangles, and may be conceived to conſiſt of 
twenty equal triangular Pyramids, whoſe Vertexes all meet in 
the Center: Hence, if we find the ſolid Content of one of thoſe. 
Pyramids, that being multiplied by 20 gives the Content of 
the Eicoſiedron. 

The Side of an Eicoſiedron being 12, to find the ſolid and ſu- 
perficial Content: We muſt firſt find the Diſtance of the 
Center of the Baſes from the Angles, and then the ſlant Height 
of the Pyramids; from which the perpendicular Height may 

. be 


de found, by ſobtracting the Square of the Diſtance of che 
Center from the Square of the ſlant Height, and extracting 
the Square Root of the Remainder. D 

The Diftance of the Venter of the Triangle from the An- 
gles we have found in the Tetraedron (the Triangles being 
here of the ſame Dimenſions) to be 6.9283 ; and for the flant 
Height of the triangular Pyramids of the Eicofiedron, this is 
the 3 as 1. O57 40 is to one, fo is the given Side of 
the Eicoſiedron to the ſlant Height of the Pyramids, of which 
it confiſts. ba 
As 1.05146 is to 1, fo & 12. 

. 12 


r lt... th. 


1.05146 ) 12:000c0 (11.4127 flant Heights 
105 146 


420584 


The Square of the Diſtance of the Center from the Angles 
being ſubtracted from the Square of the ſlant Height, the Square 
Root of the Remainder is the Height of the Pyramid. 
Square of 11.427 is 130.2497 | 
Square of 6.9283 is 48 


82.2497 ( 9,069 perpendicular Height, 
: | 


1806) 12497 
10836 


18129) 166100 
163161 


__— 


* 
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The Area of the Baſe is the ſame here as in the Tetraedron, 
which multiplied by 3.023, the Third of the Height, gives the 
ſolid Content of one Pyramid; and this multiplied by 20, the 
Number of Pyramids, gives the Solidity of the Eicaſiedren. 


62.352 
3˙023 


— 


Then the Area of the Baſe, multiplied by 20, gives the ſu · 
perficial Content. 
62.352 
20 


— —— — 


| 1247.040 Superficies, 


I have omitted the Figures of theſe Bodies, as ſome of them 
would give but a confuſed Idea to ſuch as are entirely unac- 
quainted with the Bodies : But the following Figures, cut out 
in Paſteboard, and the Lines cut half through, will fold up into 
the ſeveral Bodies. 


| Tetracdron. Hexaedron, or Cube, Octaedeon. . 


— 


Dodecaedron. 


* 


Dodecaedron. „ Eicoſiedron. 


| CY 
\/ . 


of each of the Five Bodies, the Sides being 1, or 
Unity, 


. 


_— wy | Solidity. | Superficice, 

\ Tetraedron. | 0.114785 | 1.73205 
Octaedron. o. 4714 | 34604 
Hexaedron. 1.0000 ] 6.000 
Eicoſiedron. 2.18169 8.66025 

Dodecaedron. 7.663119 | 20.6457 


— 


— 


All like ſolid Bodies being in Proportion to one another 
as the Cubes of their like Sides, and their Superficies as the 
Squares of their like Sides; the ſolid Content of any of theſe 
Bodies may be found, by multiply ing the Cubes of their Sides 
by the Numbers in the ſecond Column under Solidity, and their 
Superficies, by multiplying the Squares of their Sides into the 
Numbers in the third Column under Super ſicies. 


The Deſcription and Uſe of the Sliding- Rule. 


| Soon after the Invention of Logarithms, Mr, Edmund 
Gunter contrived the laying them on a Ruler or Scale, which 
from him was called Gunter's Scale; on which, with the Help 
of a Pair of Compaſſes, any Queſtion relating to Proportion 
may be ſpeedily wrought: Since that Mr. Oughtred contrived 
to make two Scales {lide one by the other, which performs the 
Work without Compaſſes, and is called the $/iding-Rule: Of 


theſe there are ſeveral Sorts; but, as that uſually called Coggeſball's 


is the moſt common and beſt known, I ſhall give the Deſcrip- 
tion and Uſe of that. Ate; | 
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A TABLE of the falid and faperficial Content 


2 | This : 
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This is uſually put on one of the Sides of a Carpenter's Joint. 
Rule, by a Piece made to flide in a Groove: This ſliding 
Piece, as alſo the Line above it, is divided and numbered 1, 
2, 3, Cc. to q, and again from 1 in the Middle, to 10 at the 

: Theſe two are called the Lines of Numbers; each of 
thoſe Diviſions betwixt the Figures is divided into ten Parts; 
and thoſe Diviſions, from 1 at the Beginning and Middle to 
the 2, are divided into five Parts, and, from each 2, to 
each 3, into Halves; the Diviſions being afterwards too 
ſmall to be divided. The Sliding-Piece has two of thoſe 
Lines on itz one on the upper Edge, to anſwer that on the 
Rule; another on the under Edge, to anſwer the Girt-Line on 
the Rule, below the Slider: Theſe four Lines are marked 
A, B, C, D. | | 

The Girt-Line is a broken Line of Numbers, contrived for 
meaſuring Timber at one Operation: It is numbered from 4 
at the Beginning, to 5, 6, 7, 8, 9, 10, 20, 30, 40, at the 
End; each Diviſion, from the Beginning to 8, divided into 
ten, and thoſe again halved; but, from 8 to , and from g to 
10, are only divided into ten Parts; then, from 10 to the End, 
each of the numbered Diviſions is divided, firſt into ten Parts, 
and each of thoſe Tenths into four ſmaller Diviſions. 


To nd a given Number on the Line of Numbers, 


In the firſt Part of the Line, to the left Hand, if the Num- 
bers 1, 2, 3, Cc. be accounted as Units, then the larger Di- 
viſions are, each, tenth Parts of an Unit, and the ſmaller Di- 
viſions are Parts of thoſe Tenths: The 1 in the Middle of 
the Line ftands for 10, and the other Figures 2, 3, &c. to the 
End, ſtand for 20, 30, 40, Cc. to the 10 at the End, which 
ſtands for 100. In this Caſe, therefore, all Numbers under 10 
are to be look'd for in the firſt Part of the Line, and Numbers 
from 10 to 100 in the laſt Half: Thus, if it be required to 
find 12 on the Line, the 1 in the Middle ſtanding for 10, 
count from thence two of the larger Diviſions, and you'll find this 
mark'd 12: If 37 were requir'd, from 3 on the laſt Part of 
the Line count ſeven of the Diviſions ; and ſo of any other 
Number under x00, If it were requir'd to find 2.48, from 
2 in the firſt Part of the Line, count four of the larger Divi- 
-fions, this is 2.4; then, as each of theſe Diviſions are here di- 
vided into Half, ſomewhat more than half Way betwixt — 
1 | ſmaller 


F 
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3 
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2 
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4 
x 
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fmaller Diviſion: and. the Fifth of the larger, is the. Place of 
of .$ of the larger Diviſions, which is . 08 of the number & 
Diviſions, and is the Place of 2,48, the given Number, The 
fame. Way may other decimal. Parts be found, either in the 
firſt or laſt Part of the Line. BE 


Of the De of the Line of Numbers. 


To multiply one Number by. another, ſet 1 on the Line 
B to the Number given for the Multiplier in the Line A; 
then will the Number given for the Multiplicand in the Line 
B ſtand againſt the Product in the Line A, Example: To 
multiply 8 by 7, ſet 1 in the Line B againſt 7 in the Line 
A; then will 8 in the Line B ſtand againſt 56, the Product, 
in the Line A; and. while, the Rule is in this Poſition, you 
have the Products of all the Numbers on the Line B, from 1, 
to ſo far as the Line A reaches, multiplied by 7, and the Pro- 
ducts, in the Line A: Thus 2, 3, 4, 5, Cc. on the Line B, 
| Nand againſt 14, 21, 28, 35, Cc. in the Line A. The ſame + 
is the Caſe of any mixed Number found on the Eine B; thus 
1.6 ſtands againſt 11.2 in the Line A. | n 

To divide one Number by another, ſet the Diviſor on the 
Line B againſt 1 in the Line A; then againſt the Dividend 
in the Line B, you have the Quotient in the Line A. Exam- 
ple: To divide 96 by 6, ſet 1 in the Line A againſt 6 on the 
Line B; then will 96 on the Line B ſtand againſt 16, the 
Quotient, in the Line A; and, while the Rule is in this Poſi- 
tion, you have the Quotient on the Line A of all the Num- 
bers on the Line B, divided by 6. | 

For the, Meaſuring of Timber, the Girt-Line mark'd D 
is particularly deſign'd; for the Uſe of which take the follow- . 
ing Examples, | | 

Example 1. A Piece of Timber 10 + Inches ſquare, 44 
Feet long, to find the Content. | | 
Set the 12 on the Line D to 44 on the Line C; then will 
10 4 on the Line D ſtand againſt 33.68 Feet, the Content; 
which is 33 Feet, 8 Inches. ** | 

Example 2. A Piece of Timber 22 Inches ſquare, 34 Feet 
long, to find the Content in Feet. | 

Set 12 on the Girt-Line D to 34, the Length of the Piece 
of Timber in Feet, on the Line C; then will 22 on the Line 
D, ſtand againſt the Content in Feet on the Line C: But here 
it is to be obſerved, that 22 on = Line D, will reach _—_— 

2 t 
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the Line C, the Content being, more than 100 Feet: There, 
fore, in this Caſe, the 12 in the Girt-Line D muſt be ſet to 
34 in the former Part of the Line C, accounting the Figures 
as Tens, the ſame as in the latter Part; then the 1 in the Mid- 
dle is 100, the 2, 3, 4, Ce. following, 200, 300, 400, Cc. to 
the 10 at the End, which is now 1000. Hence the larger 
Divitions, which before were Units, are in this Caſe Tens, 
and the ſmaller Diviſions increaſe their Value in the ſame 
Proportion. 

Having ſet the 12 in the Line I againſt 34 in the firſt 
Part of the Line C, then will 22, the Inches ſquare in the 
Line D, ſtand a gainſt 114, and ſomewhat more; that is, it 
will ſtand a lade beyond the ſecond ſmall Diviſion, betwixt 
the firſt and fecand of the large Diviſions, anſwering to 
114.277 Feet, or 114, F Feet, 3 Inches. 

By the Method, uſed in this Example, of making the Num- 
bers in the firſt Part of the Line ſtand for Tens i Hundreds, 
if neceſſary) the Uſe of the Sliding-Rule may be extended to 
larger Numbers; always W that all the Numbers 
on the laſt Part of the Scale will be of the ſame Denomina- 
tion with the 1 in the Middle ; and, though in large . 
bers we cannot come to the fe of Exactneſs neceſſa 
ons * yet it may be of great Uſe to corre 1 


1 ſhall now add ſome Queſtions, to exerciſe the 3 
in ſome of the foregoing Rules. 


veſtion 1. Seven Men bought a Grindiog-Stone of 5 Feet 
{or 60 Inches) Diameter: How much of the Stone's Diameter 
muſt each grind, to have an equal Share of the Stone, if one 
firſt grind his Share, and then another his, till the Stone is 
ground away ? 

In order to ſolve this Queſtion, ſquare the Diameter, and di- 
vide the 8g uare by N25 the Number of Perſons; ſubtract the 
Quotient er the Square of the Diameter, avd extract the 
Square Root of the Kettininder, which is the Length of the 
Diameter, after the firſt Man has ground his Share; this Work 
repeated, by ſubtracting the ſame Quotient, or ſeventh Part, 
from the Remainder, for every one, 'to the laſt, extraft the 
Square Root of the Remainders, and ſubtract thoſe Roots from 
the Diameter, one after ae, and the ſeveral Remainders are 
Anſwers, 


| bo, 
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60 3600 

3 514.2857 

7) 3600[514- AE. 6 
: \. "2h go85.7143 
10 5142857 
— 2571.4286 
I: 574.2857 

25 2057.1429 
. >a $14: 2857 

60 

— 1542.85) 
40 514.2857 
5 * WE. 
5 dong. 8722 
— 514.2858 


765.7163 is 55. 549. 
2571.4286 is 50.709. 


Phe Square | 2057. 1429) Þ. 45.356. 


Root of 


{ 


1542. 


8572 is 39.279. 
514.2857 is 22.678. 


Wy 


8855 7143)55.549 


—ů— 


1050585 
525 


is ; - 


1105 (6071 


3525 


11104054643 
4440 


1110891022700 
| 99980r | 


22899 


60 
382 
_4:451_Ift Share, | 

- 55+349 

50.709 __ 

4.84 2d Share, 


30.709 


F 
. 3d Share: 


yr 355 
39-279 =" 
6.076 4th Shars, 


39.279 


32.027 


208 Sth Share, 


32.077 
2 678 


9303 öth Share. 
_ Having 
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Having found the Roots of the ſix Remainders, ſubtract the 
Root of the firſt Remainder from the Diameter, and the Difference 
is what the firſt Man is to grind down; then ſubtraRing the Root 
of the ſecond Remainder from the Root of the firſt, the Diffe- 
rence is what the ſecond Man is to grind down; fubtraQing.- 
the Root of the third Remainder from the Root of the ſecond 
Remainder, the Difference is what the third Man is to grind. 
down; proceeding in this Manner, as in the Work, find what 
the fourth, fifth, and fixth Man is to grind down, and the 
Square Root of the Quotient, which ariſes from dividing the 

are of the Diameter by 7, is the Share of the ſeventh Man, 
The Shares added together are to make the Diameter of the 
Stone.. yo Ta#R Wo 
. 4.451 
4.34 
5-35+ | | - 
6.076- 
7.208: 
9-393 
22.078 


— 


60.000 


* 


T have omitted the. Operations of extracting tho Square Root 
of all the Numbers but the firſt, partly becauſe it would take 
up too much Room, and partly for the Learner to exerciſe him- 
ſelf. The laſt is 22.6778; for which Reaſon I put 22.678, as 
that is not ſo much more, as a 7 in the third Place would have 
been leſs, than the Truth. : 


Del, 2. By the Law of England, a Statute Buſhel for 
meaſuring Corn is to be made 8 Inches high, and 18 Inches 
and an Half Diameter, to contain 2176 cubic Inches, tho” 
the Content of the Dimenſions is but 2150.425 Inches: I de- 
mand what the Diameter of the Buſhel muſt be, the Height 
being 8 Inches, and what the Height, the Diameter being 18. 5 
Inches, to contain 2176 cubic Inches ? 

For the firſt, divide the given Content 2176 by 8, the 

iven Height, and the Quotient is the Area of a Circle, whoſe 
8 found by Art. 67, will be the Diameter of the 
Buſhel : But, when the Diameter is 18.5, to find the Height, 
by Art. 61, find the Area of the Circle, then divide 2176 
by the Area fo found, and the Quotient is the Height ſought. 


8) 2176 
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8) 2176 ! 1473 
— 2 
272 Quotient. — 
2.54.6 
8911 
2546 
346.2560 (18.6 Diameter. 
1 | 
28) 246 
224 
366) 2225 
2196 
29 
, 18.5 2858.8) 2776.0 (8.0956 Height. 
18.5 21504 
= 925 e 25600 
1480 24192 
— 15080 
342.25 13440 
7854 —: 
— T6400 -, 
I 36900 - 16128 
T71125 —— 
273800 $38: -- 
239575 | 
268.803150 


Dueftion 3. If a Man hire an Acre of Graſs for his, Horſe, 
how long muſt the Chord be tied to his Head, ſo that he might 
not graſe more than an Acte? | 

A Piece 'of Groynd forty Poles or Perches in Length, and 
| four Poles or Perches in Breadth, is an Acre. A Pole is 16.5 
Feet. Bring the forty Poles and four Poles into Feet, multi- 

ply theſe by one another, the Product is the Area of an Acre 
of Land in ſquare Feet. — 45 8. a 
: 16.5 


„ 
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. 660 
40 4 66 ; 
660.0 66.0 3960 

| 3960 


IK (Acre. 
43560 ſquare Feet in an 


By Art. 67, find the Diameter of a Circle, whoſe Area is 
43560 Feet, and Half the Diameter is the Length of the 
* ether, wm | 


43560 
1.273 


7 30680 


304920 
87120 


435⁵⁰ | 


9 


5545 1.880 ( 235˙48 
3 wy” 
— 117.74 Feet, the Anſwer, 
43) 154 
129 
465) 2551 f 
2325 


4704) 22688 
18816 


47088 ) 387200 
376704 


10496 Remainder, 


* 


Queſtion 4. A ſquare Pyramid of Marble, each Side of its 
Baſe ſix Inches, its Height four times the Side of the Baſe, 
twenty-four Inches, weighs twenty- nine Pounds: What will 
de the Weight of a Pyramid of the ſame Marble, whoſe Baſe is 
thirty Inches, and Height an hundred and twenty Inches? 

The Height of each of theſe Pyramids being four times their 
reſpective Baſes, the Contents will be as the Cube of any one 
of their Dimenſions; and, as the Matter is the ſame, the 

| | Mo, Weight 
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Weight will be as their Content: Therefore, as the Cube of 6, 
which is 216, is to the Weight of its Pyramid, ſo is the Cube 
of 30, which is 27000, to the Weight of its Pyramid, 
As 216 to 29, fo is 27000 

29 | 


243000 
54000 


216) 783000 (3625 Pounds, the Anſwer, 
648 
1350 
1296 
540 
. 438; 


1080 
1080 | 


If the Heights of the Pyramids had been cubed, the Anſwer 
had been the ſame: But, if their Heights had not been the ſame 
Number of Times as their Baſes, then their Weights would have 
been as their ſolid Contents, the Matter being ſuppoſed the 
ſame. | 


Dueft. 5. What will be the Diameter of a Globe, whoſe 
ſolid and ſuperficial Content are the ſame? 

In Art. 85, the Rule for finding the folid Content of a 
Globe is, to multiply the Cube of the Diameter by .5236 3 
and, in Art. 86, the Rule for finding the ſuperficial Content 
is, to multiply the Diameter by the Circumference : But, the 
Circumference being found by multiplying the Diameter by 
3. 1416, and this Product being again multiplied by the Diame- 
ter, to find the ſuperficial Content, hence the ſuperficial Con- 
tent of the Globe is found by multiplying 3.1416 into the 
Square of the Diameter. | 

Now, as the Cube of the Diameter of the Globe, multiplied 
by .5236, is to be equal to the Square of the ſame Diameter, 
multiplied by 3-1416, hence it follows, that the Square of the 
Diameter of the Globe here propoſed muſt be to its Cube, 
as . 5 236 is to 3.1416: But the Proportion of .5235 to 3.1416 
may be found by dividing the latter by the former, and the 
Quotient will be the Diameter of the Globe ſought. 

18 a 5236) 


* 
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= 1416 (6 The Diameter of a Globe, whoſe ſuperficial 
5236) e and ſolid Content will be equal, as will ap- 


pear by 1 | 
1416 5236 
* 6 6 3 
18.8496 Circumference, 36 31416 
6 © 5236 
— (Content. 10472 
113-0976 ſuperficial 216 Cube. (tent. 
1 | 113.0976 ſolid Con- 


% —_ 


— — 


Of Meaſuring the Work of the ſeveral 
 Artificers belonging to Building; as Car- 
penters, Bricklayers, Joyners, Plaiſte- 
rers, Painters, Glaziers, Maſons, and 
Paviours. | 


C CarPENTERS' Work. 


HE Carppenters' Work is uſually meaſured by the 

Square of 100 Feet; that is, ten Feet in Length, and 

ten in Breadth, make a Square, either of Flooring, Par- 

titioning, or Roofing; for meaſuring which, take this general 

Rule. Multiply the Length by the Breadth, and divide 

the Feet by 100; the Quotient is the Number of Squares : 'The 
Remainder, or Figures cut off, are Feet. 

Exam. 1. A Floor being 47 Feet and 3 Inches long, 34 

Feet and ꝙ Inches wide, how many Squares of Flooring does 


it contain ? ; 
. (47 F, zl. by 12. See Art. 51. 

3 1x 3 the Multiplicand for g Inches, found by dividing 
47 3 

n 

35 5 3 the Product of 3 F. 11 I. 3 P. by 9 Inches. 

Fg | c the Product of 47 by 34. 


8 6 the + of 34 Feet, taken for the 3 Inches. 
26141.11 3 Anſwer 16 Squares, 41 Feet. The 


Of Carpenters* Work. . 179 
The Reader may change the Inches into the Decimals of a 
Foot, by Art. 48, and then perform the Operation decimally ; 
which I leave for his Practice. ST NF 
The 1641 Feet require no other Diviſion, to reduce them to 
Squares, than cutting off two Figures to the right Hand, 
which is dividing by 100: The Inches and Parts are not re- 
garded in theſe Meaſurements, | 5 
Exam. 2. Partitions betwixt divers Rooms being 10 Feet, 
8 Inches high, 104 Feet, 6 Inches in Length; how many 
Squares are there contain'd in it? N E 
8 8 6 the Multiplicand for 8 Inches, found by dividing 
104 ©6 (104 F. 61. by 12. See Art. 51. 
10 
69 8. © the Product of 8 F. 8 J. 6 P. by 8T. 


1040 the Product of 104 F. by 10 F. 
the Half of 10 Feet, taken for the 6 Inches. 


1114 8 o Anſwer 11 Squares, 14 Feet; the Truth of 
which the Reader may try by Decimals, for 
his own Practice. | 


Exam. 3. A Houſe meaſured to the Outſide of the Walls 
56 Feet, 9 Inches in Length, and 16 Feet, 10 Inches and 
a Half wide: How many Squares does the Roof contain}: 

Here it is to be obſerved, that the moſt common Proportion 
for the Length of the Rafters to the Width of the Houſe, is 
as 3 to 4; this being uſually called the true Pitch: In this 
Caſe, the uſual Method is, to multiply the Dimenſions of the 
Flatts, and add the Half of the Product to it; this Flatt and 
Half are equal to the whole Roof. | . 

„ . * Fa , 
4 8 9 Multiplicand for 6 Parts, or £ In, 7 
Multiplicand for 10 Inches. ISArt. Fo 


9 
6 1 | 

2 4 4 6 the Product of 4 I. 8 P. 98. by 6 Parts. 
6 the Product of 4 F. 8 I. 9 P. by 10 Inches. 


g To multiply 16 F. by 9 I. for 61. take the 
4 | + of 16 F. which is 8, and for the re- 
; 2 maining 31. take the + of 8 F. which is 4. 
— 1 the Product of 56 by 16. 
957 710 6 „ 


_478 9 11 3 Half, 
14136 ,7 9 9 Anſwer x4 Squares, 36 Feet, 
ASA” 


If 
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If the Reader has'any Mind to do this Operation decimally, 
he will find the Decimal of 10 Inches and a Half to be. 875; 
for a Foot reduced to Half-Inches is 24, and 10 4 Inches redu- 
ced to Half-Inches are 21 ; fo that 10 + Inches are 24, or 2 of 
a Foot, which, by Art. 48, might be reduced to .875, the De- 
cimal of 10 + Inches. | 

But, when Roofs are made of a different Pitch, as is often 
the Caſe, the trueſt Way of meaſuring is by a Line thrown 
over, which takes the Dimenſions of both Sides of the Roof; 
this multiplied "by the Length of the Building gives the true 
Content of the Roof: And, with Regard to Buildings that are 
hipt at one or both Ends, the Roof is of the ſame Dimenſions 
as when ſtraight rooft all the Way; ſo that this makes no 

ifference: But, in meaſuring Floors and Partitions, the Doors, 
Windows, Stairs, &c. muſt be meafured and deducted. | 


Of BrickLayERs' Work. 


Brick-Work, as Walls and Chimnies, are meaſured by the 
Rod: A Rod is 16.5 Feet, the Square of which is 27 2.25 Feet, 
or 272 Feet and a Quarter, which is a Rod of Brick- Work : 
But Regard muſt be had to the Thickneſs of the Wall, for'one 
Brick and a Half is the Standard; fo that, if a Wall be thicker 
or thinner than one Brick and a Half, it is uſually reduced to 
that, before it is computed in Rods. The Way to do this 
is, to multiply the Number of Feet in a Piece of Brick-Work 
by the Number of Half-Bricks in the Thickneſs of the Wall ; 
this ProduR, divided by 3, gives the Content of the Wall in 


Feet, reduced to the Standard. 


Exam. 1. A Wall being 64 Feet long, 18 Feet high, and 
four Bricks thick, how many Rods of Brick-Work are, con- 
tained in it, reduced to the Standard ? 
Ans 6 | 


1152 
8 Half. Bricks thick. 


3) 9216 
272) 3072 (11 Rods. 
e 


332 
272 


'$0 Feet. 
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In this Example, after reducing it to a Brick and a Half, 
1 divide by 272, rejecting the fractional Part, as is uſuall 
done in theſe Caſes, the Difference being inconſiderable: If 
the Feet remaining require it, they are uſually divided by 68, 
the Feet in a Quarter of a Rod; and here the Anſwer may be 
11 Rod one Quarter, the odd Feet may be allowed on Account 
of rejecting the Decimal in the Deviſor. | 
In ſome Places Brick-Work is meaſured by the Rod of 
18 Feet ſquare; in which Caſe the ſquare Rod is 324 Feet; 
In others they make but 63 ſquare Feet, called a Rood, viz. 
21 Feet long, and 3 Feet high; and in this laſt Way of mea- 
ſuring, no Reduction is made of the "Thickneſs, but that is 
allowed for in the Price: Therefore it muſt be inquired what 
Meaſure is to be uſed, 5 


Exam. 2. A Wall being 72 Feet long, 34 Feet high, 
and 3 Bricks and a Half thick, how many Rods of Brigk- 
Work, at 18 Feet the Rod, are contained in it? | 


72 2448 (thick. 24) 5712(17 Rods 

34 7 Falt- Bricks , 324 * 
288 3) 17136 | 2472 

216 — — 5 2268 | 

— 5712 — — (ters. 

2448 ö 81) 204 (2 Quar- 

9 162 

42 Feet. 


* 


A Quarter of this Rod is $1 Feet; therefore, dividing the 
remaining Feet by 81, I find it 17 Rods and a Half and 42 Feet. 

The next Article in Bricklayers' Work is Tiling ; which, 
being meaſured by the Square of 100 Feet, is much the ſame 
with meaſuring the Roofs in Carpenters* Work; only there 
we meaſure but to the Outſide of the Wall, but Bricklayers 
muſt be allowed for the Eaves; and therefore the beſt Way 
is to throw a Line over the Ridge, and meaſure from Eaves to 
Eaves on «both Sides: They are alſo often allowed Double for 
Hipps and Vallies , | 


Exam. 3. A Roof cover'd with Tiles 48.75 Feet from 
Eaves to Eaves, and 54.5 Feet in Length, how many Squares 
of Tiling are contained in it ? | 1. 1 F 
ö = b * 
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F. . 48.75 

4 0 9 | 54.5 

48 9 24375 

54 6 19500 
8 c r a 24375 

24 4 6 — — 

27 | 26|56.875 

13 6 

192 | 
240 Anſwer 26Squares and a Half, 

26/56 10 6 


Inſtead of multiplying 54 Feet into 9g Inches, I divide the 
9 Inches into 6, the Half of a Foot, and 3, the Half of that; 
then taking the Half of 54, which is 27, I place it under the 
Title Feet, and the Half of that for the 3 Inches, being 13 Feet 
and 6 Inches, I place them under their proper Titles, and pro- 
ceed to multiply the 48 Feet by 54 Feet, as in common Mul- 
tiplication. | 

Chimnies are meaſured as a Solid, by multiplying the Height 
by the Width, and that Product by the Depth, in each Story, 
only deduQing the Vacancy of the Hearth ; after which it 
may be reduc'd to Standard, in the fame Manner as was ſhewn 


in meaſuring Walls, by multiplying the Number of Feet by 


the Number of Half-Bricks in the Depth, from the Front to. 
the Back, and dividing the Product by 3, as was there taught: 
But, in regard the Depth of Chimnies is meaſured by Foot- 
Meaſure, and a Foot is +5 af a Brick and a Half, it will be a 
more ready Way to multiply the Number of Feet by 8, and di- 
vide the Product by q, and the Quotient will be the Quantity of 
Brick-Work reduced to Standard ; which then muſt be divided 
by 272, to bring it into ſquare Rods, 

A Chimney being 10 Feet high, 6 Feet and 3 Inches wide, 
and 2 Feet deep, in the firſt Floor ; 8 Feet high, 6 Feet and 
2 Inches wide, and 2 Feet deep, in the ſecond Floor; 7 Feet 
high, 5 Feet and ꝙ Inches wide, and 2 Feet deep, in the third 
Floor ; the Shaft 8 Feet high, 5 Feet wide, and 2 Feet deep; 
to firid the Quantity of Brick-Work? the Vacancy in the 
Ground -Floor being 4 Feet and ꝙ Inches wide, 4 Feet high, 
and 1 Foot and 10 Inches deep; in the ſecond Floor, the 
Hearth 4 Feet and 3 Inches wide, 3 Feet and 6 Inches high, and 
1 Foot and 10 Inches deep; in the third Floor, 2 Feet and 6 In- 
ches high, 1 Foot and 3 Inches wide, and 1 Foot and 10 In- 
ches deep. | F. I. 
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D TH. 


6 6 2 5 9 8 "ms 

IO 8 7 +2 98 8 
—— —— 80 6 

62 6 404. $0 4 40 80 

2 2 2 "i — — 
125 98 8 80 6 80 


Having found the Dimenſions of the ſeveral Parts, and added 
them together, we are next to compute the Quantity of the 
Vacancies to be deducted: In doing which, it will be beſt to 
gut thoſe Quantities firſt which have the ſmalleſt Diviſions, as 
this will fave the Trouble of making Multiplicands for thoſe 
ſmaller Diviſions ; removing the Work after the firſt Multipli- 
cation, in order to make a Multiplicand for the Inches, 


#1, © Ek FS AS: 
1 10 6 1 10 6 | 110 6 
4 1 2 
— I 10 6 I 10 6 
7 6 | "I 220 . 
2:9 6 l 3 5 
2-6: PPM 3-9 
7 6 7.22 '7 6 4 8:y- 
1 | 
837 7 11 716 14 
30 - _ X * . K 
— ü . 41 8 3 
. ä 3 
38. | * 5 — 
5 10 3 9 9 6 111 0 98 
— — 23 10 10 6 4 8 3 
69 4 6 — p — — 
27 10 8 3 3 


Dimenſions of the Vacancy in the firſt Floor are 4 Feet, 
9 Inches wide, 4 Feet high and 1 Foot 10 Inches and a Half 


deep l 
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deep: After I have multiplied 1 F. 10 I, 6 P. by 4, the Product, 
7 Feet and 6 Inches, I put below, to have Room to place 
the new Multiplicands over it, as in the Work ; and the like 
of the other two Vacancies. | 
Having found the Quantity of the Vacancies to be 69 Feet, 
4 Inches, 6 Parts, ſubtract it from the Quantity before found, 
then multiply the Remainder by 8, and divide by q, to reduce it 
to the Standard Thickneſs of a Brick and a Half; and, laſtly, di- 
vide it by 272 to bring it into Rods, * vo | 


Dimenſions of the Chimney 384 2 
Vacancies to be deducted 69 4 6 


314 9 6 
8 
2518 4 
9) 2518 (279 
18 
th 272) 279 (1 Rod. 
3 ; 
_— 7 
88 
81 - 
7 


Of JoyNneRs' Work. : 
Joyners* Work is done by the Yard : But the Dimenſion 
are taken with a String, becauſe the Cornice, Mouldings, and 
ſwelling Pannels cannot be meaſured by a ftraight Inſtrument ; 
but a String may be thruſt into the Hollows, and bent over the 
Swelling ; all which require to be meaſured, in regard of Trou- 
ble in working them : By this Means, the Work meaſures con- 
ſiderably more in Height than the real Height of the Room. 
But, in Regard to meaſuring about the Room for the Length, it 
is done in the fame Manner as in meaſuring the Floor: When 
the Dimenſions are multiplied, divide by 9, to bring it into 
ſquare Yards. 


Exam, 1. A Room of Wainſcoting, meaſured as above, is 
12 Feet, 9 Inches high, and 936 Feet, 3 Inches in Compaſs: 
How many Yards of Wainſcoting are contained in it? 1 

5 l F. . * 


2 5 * 9) 1225.1875 
912297 0 235. 
5 Alnſwer 136 Yards, 3 ſquare Feet. 


Ihn meaſuring Joyners Work that is wrought on both Sides, 

as Doors, Window-Shutters, and ſuch-like, it is cuſtomary to 
allow for Work and Half: Therefore, in theſe Caſes, after the 
Dimenſions are multiplied, take Half the Product, and add it 
to the Whole; then divide that Sum by q, to bring it into 
ſquare Yards, * | 


Exam. 2. The Window-Shutters of a Room (or of ſeveral 
Rooms, if of equal Height) in Breadth 72 Feet, 6 Inches, in 
Height 4 Feet, 9g Inches; how many Yards are contain'd in 
them, allowing for Work and Half? | 


—_—G=_w 


F. I. P. 72.5 
6 Oo 6 See Art. 51. „ 
72 6 3625 13 8 
4 9 1 
—— 2900 
44˙37 
288 | 2 : — 
— — the Half 172.1878 
— ) 5 6 625 
— . 16. 
Half 172 2 3 1 
— 57˙3 
90516 6 9. an . 
— — Anſwer 57 Yards, 3 ſquare Feet, 
N 4.4 | 


In meaſuring Wainſcot, you muſt deduct Doors, Windows, 
&c. meaſuring the Window-Boards, Soffits, and Checks by 
themſelves, B b & 


W 
* 
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Of PLAISTERERS' Wark. 2 


All Plaiſterers* Work is meaſured by the Yard, as the, | 
Joyners' is. | bo 


7 


* 20.5 
20 . 23 * 
8 
3 1025 
2 „ 615 
100 — 
60 9971.5 
— — . — — 
9)717 6 5 79-6 
79 6 Anſwer 79 Yards, 6 ſquare Feet. 


Exam, 2. The Height of the Walls . of ſeveral Rooms 
is 9 Feet, 6 Inches, the Compaſs of the Rooms 246 Feet, 
9 — 2 How many Yards of Plaiſtering are contained in: 


5: 6 246.75 
20 6 gSeeArt.51, _ | 95. 
246 9 123375 
9 6 222075 
ä n . 1 — 
123 4 6 9) 2344-125 
2214 - — 
44 6:*75 260 4 
2 3 , 
— — Anſ. 260 Yards, 4 ſquare Feet. 
9) 2344 x 6 | 
260.4 


In meaſuring Walls, Deductions muſt be made for Doors 
and Windows: Alſo, in rendering between Quarters, you may 
deduct one fifth Part for the Quarters, Braces, c. but, in 

Whiteing and Colouring, one fourth or fifth Part muſt be 


added, where the Quarters and Braces project beyond the 


[ 


| ' g . 7 4 L . f x 
* "Is * 1 8 l * 
7 . a — A : - 
. o = 0 * 
＋ 8 ; * 0 


Of Pal x T ERS“ Work. 


The Painters* Work is meaſured in the ſame Manner as 
Joyners' Work, by a String, becauſe the Bruſh goes into the 
Hollows and over the Swellings : When the Dimenſions. are 
multiplied, divide by q, the ſquare Feet in a Yard. Windows, 
Bars, Caſements, &c, are not meaſured, but done by the 
Piece. It will not be neceſſary to give Examples, as the 
w ork is in all Reſpects the ſame as in Joyners' and Plaiſterers 

ork. FEES To e | 


F Giazizrs” Work. 


* Glaziers Work is meaſur'd by the Foot; and they uſually 
meaſure to a great Degree of Exactneſs: Therefore, in ſetting 
down their Dimenſions for multiplying them in Feet and In- 
ches, the Inch is divided into twelve Parts, as the Foot is; ſo 
that a Quarter of an Inch is three Parts, Half an Inch ſix 
P ar ts, Ec. | - | 


Exam, 1. A Light of Glaſs being 4 Feet and 2 2. Inches 


long, and one Foot and 7 + Inches broad, how many Feet of 


Glaſs are contained in it ? 


F 1,8. - 229 6221 
4 2 9 dee Art. 5. 625] Decimalof 7 inch. 
. 4 1 #2 pk 
4 2 9 1.625 
— — 21145 
1 8458 
n 25374 
—.— 3 
© 10 A 76 6.872125 


Anſwer 6 Feet, 10 + Inches. 


Exam. 2. If 10 Lights be, each 3 Feet and 6 + Inches long, 
I Foot and 4 + Inches broad, how many Feet of Glaſs are 
cantained in them ? y SE 


bra Yau LLP. 


7 
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| F. I. P. 8. T. 5 62 | 
3 6 6 354 $Decimalof: 47 Flack, 
3 6 6 38842 
* Ak- e Be 1. | 
3 6 6 — 
36.09 14168 
x | F * 7 6 10626 
3 6 6 A viz 21 
496 7 6 * 10 
10 | es 
— — — — BD. 1 8 
Wr 47.958680 


Anſwer 47 Feet, 11 * Inches. 


Wben Windows are made round at the Top, the Height is 
to be taken in the Middle, and they are to be meaſured as if 
they were ſquare ; no Allowance being made for what i is want- 
ing at the Corners, becauſe the Trouble, and the Waſte of the 
Glaſs, is more than is faved by it. The ſame is the Cuſtom as 
to round or oval Windows, which are to be meaſured in their 
Wage agen Parts, and computed as ſquare or oblong. 


Of Masons' Work. 


Maſons' Work is meaſured by the Foot. Some Sorts of 
Work are meaſured only ſuperficially; ; but, in others, they mea- 
ſure the Solidity, taking in all the three Dimenſions, Length, 
and Thickneſs. 


Exam. 1. A Pavement being 96 Feet long, 16 Feet and 
9 Inches wide, how many ſuperficial Feet are contained in it? 


F. I. 16.75 
16 9 96 
96 0 — — 
ä (6 Inches. 10050 
48 the + of 96, for 15075 
24 the £4 of 48, for — 
96 (3 Inches. 185608. oo 
144 


— — Anſwer 1608 Feet. 

1608 | | | 

Exam. 2. How many ſolid Feet are contained in a Wall 
64 Feet, 6 Inches long, 20 * 6 Inches high, and 2 Feet, 
3 Inches thick k ? F, <> P. 


*. 
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8 
S 

> 
G 
* 


2975 9 Anſwer 2975 Feet. | 
; Having multiplied two of the Dimenſions, 64 F. 6 I. by 
20 F. 6 I. the Product, 1322 F. 31. I place below, to have Room 
ſor making a new Multiplicand, by Art. 5 1. as in the Work. 
In ſome Places Walling is done by the Rood of 63 Feet, ſu- 
perficial Meaſure, as in Bricklayers Work; the Thickneſs be- 
ing allowed for in the Price. ER 


Exam. 3. A Wall being 89 Feet and 3 Inches long, 15 Feet 
and 6 Inches high, how many Roods of 63 ſquare Feer, are 
contained in it? 


gy A P. | 89.25 
* - ; # IS.5 
89 3 44625 
Is 6 44025 
nen | 8925 
++ 7 6 _ — _— 
3 9 63) 1383-375 (21 
445, 126 | 
89 — 
— — 123 
63) 1383 4 6 (27 63 
— 60 
123 
63 Anſwer 21 Rood, 60 Feet. 


Of Pavilovzs' Work. - 

Paviours' Work is done by the Yard; ſo that nothing more 
is neceſſary than to multiply the Length by the Breadth, and, 
if it were meaſured by the Foot, to divide by;q, to bring it into 
Yards : Therefore, ** are not neceſlary, as it is the 
fame with Joyners* and Painters? Work. l 
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Of GrouETRT. 


EOME TR is uſually defined, The Defrine of Ex- 
tenſion. The Word ſtrictly means the Meaſuring of 

Land, but is applied to every Thing capable of being 
meaſured-z thatis, to all Things ſuſceptible of more and leſs. 
*Tis uſually ſuppoſed that the Ægyptians were the firſt Inven- 
tors of Geometry: Their Lands being annually overflowed by 
the Inundations of the Nile, its Impetuoſity bore away their 
Land-Marks, and the Mud left behind made all Diſtinctions 
of their Lands impracticable, any other Way than by keeping 
Plans of their Figure and Quantity; ſo that the natural Cir- 
cumſtance of their Country obliged them to the Study and Cul- 
tivation of Geometry. | NW 


Practical Geometry, or the Reſolution of Problems, which 


is our preſent Buſineſs, is divided into Plain and Spherical, 


Of Plain GEOMETRY. 


Definitions. 


1. A Point in the Mathematics is conſidered only as a 
Mark, without any Regard to Dimenſions, 

2. A Line is conſidered as Length, without Regard to 
Breadth or Thickneſs. Go 8 

3. A Plain, or Super fice, has two Dimenſions, Length and 
Breadch, but is not conſidered as having Thickneſs, 

4. A Solid has three Dimenſions, Length, Breadth, and 
Fhickneſs, and is uſually called a Body. gh 
5. A Line is either fraight, which is the neareſt Diſt 
betwixt two Points, or crooked, called a curve Line, whoſe 
Ends may be drawn farther aſunder. e, 

6. If two Lines are at equal Diſtance from one another in 
every Part, they are called parallel Lines, which, if continued 
infinitely, will never meet. W 
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7. If two Lines incline one towards another, they will, if 
continued, meet in a Point; by which Meeting is formed an 
Angle. x 464 | ITY 
$. If one Line fall directly upon another, ſo that the Angles 
on both Sides are equal, the Line ſo falling is called a Perpen- 


—5 


dicular, and the Angles ſo made are called right Angles. 
9. All Angles, except they are right Angles, are called 
oblique Angles ; whether they are acute, that is, leſs than a 


right Angle; or obtuſe, that is, greater than a right Angle, 


Geometrical Problems. bingo 


Problem 1. To divide a Line, A B, into two equal Parts, © 
Set one Foot of the Compaſſes in | 


the Point A, and, opening them be- hn 
yond the Middle of the Line, AS 
deſcribe Arches | above and be- N 
low the Line; with the ſame Ex- | | [ 
tent of the Compaſſes, ſet one A 13 B 


Foot in the Point B, and deſcribe - . 
two Arches croſſing the former: | 
Draw a Line from the Interſeftion | 
of the Arches above the Line, to AF 
the Interſection below the Line; fe. 
this will divide the Line AB into 5 
two equal Parts. | 


22 2. To ereft a Perpendicular on the Point C in a given 
ine. 


Set one Foot of the Com- 
paſſes m the given Point C, 
extend the other Foot to any 
Diſtance at Pleaſure, as to D, 
and with that Extent make the 
3 D and E. With the ä 
Compaſſes, one Foot in D, — ne "ma 
at any Extent above Half the 5 C * 
Diſtance of D and E, deſcribe an Arch above the Line; 
and with the ſame Extent, and one Foot in E, deſcribe an Arch 
croſſing the former: Draw a Line from the Interſection of the 
Arches to the given Point C, which will be perpendicular to 
ihe given Line in the Point C. vel 


4-44 
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Prob. 3. To eref? a Perpendicular upon the End of a Lint, 
or from a Point near the End. 


There are diverſe Methods of doing this; of which I ſhall 


Live two. 


Firſt Method, If it be required E 
to draw a Perpendicular to the . 
Point B, near the End of the 
Line A B, ſet one Foot of the 
Compaſſes in the Point B, and, 
opening them at Pleaſure, ſet the 
other any where above the Line * 
A B, as at C; let C be the Cen- A 
ter, on which deſcribe an Arch 92. B 
cutting the Line AB in D, and paſſing through the Point B, 
continue it to more than a Semicircle, till it comes over the 


Point B; draw the Line DCE from the Interſection at D, 
through the Center C, till it cuts the Arch in E; laſtly, a 


Line drawn from E to B will be perpendicular to A B in the 
Point B. 


Second Manner. Set one a 
Foot of the Compaſſes in the | * 
given Point B, open them to 9 .— 
any convenient Diſtance, and 1 E 
deſcribe the Arch C DE; ſet F 4 } 
one Foot in C, and with the { 
fame Extent croſs the Arch A. 
at D, and with the ſame Ex- C 


B 


tent croſs the Arch again from D to E; then, with one Foot 


of the Compaſſes in D, and with any Extent above 'the Half 
of -D E, deſcribe-an Arch a; take the Compaſſes from D, 
and, keeping them to the ſame Extent, with one Foot in E, 
interſeCt the former Archa in az from thence draw a Line to 
the Point B, which will be a Perpendicular to A B. 


Prob. 4. From a given Paint, a, to let fall a Perpendicular 


to a given Line. 


This Problem has two Caſes, according as the Point is 
fituate, over the middle Part, or the End of the Line. 


Caſe 1. To let fall a Perpendicular from the Point 4 over 
the Middle of A B. | | 95 
| | get 
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Set one Foot of the Compaſſes d ee h. oh 


in the Point a, extend the <LI. 
other ſo as to reach beyond _ - 
Lint & B, and draw an Arch fo Þ "VARY 
cus. the Line A B is C ang his 5 
put one Foot of the 8 000 8 
above = 


in C, and, with any Extent 

| Half D, draw a Arch, þ eie 

ing t Compaſſes at th e f. 

N put one Foot 1 and 11 8 the Arch 5 in 
b; through, which Bebe, a and the Point g, draw a m_ 

the Perpendicular required, * Fog 'F 


Caſe 2. To let fall a Perpendicu- 
lar from a Point, a, being/nearly over 
the End of the Line A B: From any 
Part of the ede Line, as D, draw . 
a Line to the Point a; divide; the A. 
Line B A into two equal Patts in E, 
by Prob. 1; ſet one Foot of the 
Compaſſes in E, and with the Diſtance D'Egeffibe an Ach 
from D tb a, which Will interſect the given Line AB in e; 
draw * Line a e, which will be perpendicular to the given 
Line A 


Prob. 5. 75 draw, a Live perdllet to a given Line, A B. 


Set, one Foot of the Compaſles in . 1 £ F 
any Part of the Line, as at 4; ex- —ͤ — ͤ—— 
tend the Compaſſes at Pleaſure, unleſs S * N 
a Diſtance be aſſigned, and deſcribe an mens | 
Arch,h; withthe fame Extent, in'forne FFT 
other Part of the Line A By as at e, A 5 4 B 
deſcribe the Arch c, lay a Ruler to the Extremities of the 
Arches, and draw the Line EF, which will be parallel to the 
given Line A B. 


Prob. 6. To/draw a'Line parallel to a given Tuns, A B, * 
to paſs through a given Point, a 


Set one Foot of the Compaſſes in the 
given pomt 4; extend the other fo 
as it may touch the Eine A B, and not 
paſs it, in deſeribing the Arch H; with 
the ſame Extent, ſet one Foot in the A 

Line AB, and deſcribe the Arch I; 
then hw a Line through the Point a to the Extremity of 
9 the 

2 
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the Arch I, which will be me to the given nan 4 B, 
and paſs through the Point a. # 1 


Prob. 7. 7 make an Angle — to a kiun las, A B oi 


Draw the Line PT at Pleaſure 3, He 
ſet one Foot of the Compaſſes in B, 
and with any Diftance, B D, draw : 
the Arch D ; keep the Compaſſes 
at the ſame Extent, and, placing one 
Foot = P, draw the Arch 4% at Plea- © 
ſure : Set agg Foor of the Compaſſes 
in D, extend the other to E, ſet this Extent from 4 towards e, 
draw the Line P S through the Point 5 in the Arch 4 e; and 
MFT ende 


Prob. 8. To make an Angle to a Number of Daran 


This Problem has two Caſes, as the Rank e is leſs 
or more than go Degrees. 


| Caſe 1. To make an acute Angle of 
309 on a given Line AB: Take 60 De- 
grees from a Line gf Chords in the Com- 
paſſes, [The Deſcription and Uſe of the 
Line of Chords will be given after the Defi- 
nitions in Trigonometry. ] Set one Foot of the __ 
Compaſſes in the Point A, and deſcribe an Arch, 0 D, at Plea- 
ſure; then ſet one Foot of the Compaſſes in the Braſs Center 
in the Beginning of the Line of Chords, and bring the other 
. to 3o on the Line ; with this Extent, ſet one Foot in C, with 
the other interſect the Arch CD i in E, and through E draw the 
* AE; ſo will E A B be an Angle of 30 Degrees. | 


» Caſe 2. To draw an obtuſe Angle of D | ah 
1205 on a given Line, AB: Take 
60 Degrees in the Compaſſes from the : 
Line of Chords, ſet one Foot in A, and | 2 Key 
with the other deſcribe a large Arch A ——} 
CD; take go Degrees from the Line 
of Chords, and ſet one Foot in C, and interſect the Arch i in az 
then take 30 Degrees from the fame Line of Chords; and ſet 
rhem from à to b; a Line drawn from A to h will wake an An: 
gle, DBA, of 129 D 


Prob. . 
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Prob. 9. To meaſure an Angle. Y 
This Problem has two Caſes, * * Ken either leſs o 
more than go. eee nent 
Caſe 1. To meaſure an acute Angle, i L d 
ABC: Take 60 Degrees from the Line f 9, 
Chords, ſet one Foot in A, and with tde : 
other deſcribe the Arch 4 b from one Leg to, & RB 


the other, then ſet one Foot of the Compaſſes A 

in a, and extend the other to þ ;, with this 2 $4 

Extent, ſet one Foot on the Braſs Center at the 3 of 

the Line, the other will reach to 54 on the Line of Chords, 

AG is tp Numer of Degrees auvdinadt, in the e Angle 
A C. u * 


Caſe 2. To meaſure an bree 
Angle, ABC: Take 60 Degrees 4. 
in the Compaſſes from the Line of C. 
Chords, ſet one Foot in the an- « 
gular Point A, and deſcribe the Arch 
a c from one Leg to the other, as 
before; then take go Degrees from. \ 

the Line of Chords, and ſet it from 4 OM then ako the 
Extent from b toc in the Compaſſes, as in the laſt Problem, 
and ſet one Foot in the Beginning of the Line of Chords, the 
other will reach to 41 Degrees, which, adlled-e0 905 is oy Do. 
grees, the Meaſure of 1 * B A 0. 


Prob. 10. To avid. 4 given Line B 40. into — vue 
Parts. ad W 8 


/ Set one Foot of the Compaſics. | 
in the angular Point A, extend 
the Compaſſes to any convenient 
Diſtance, and interſect each Leg, 
as at a and b; with the ſame, r 
any ' other Extent above Half PP 
the Diſtance 4 a, ſet one Foot in 
a, and draw the Arch D; then, 
keeping the Compaſſes to the ſame Extent, ſet one Foot in b, 
and interſe& the Arch Din D; a Line drawn from the an- 
gular Point A through the Interſection of the Arches will di- 


Ne Oy nag Fire, N e e 
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Prob. 11. SW giuen 9225 _ inte any ; Numer 
end d „ O ow? wad dor Ad 


From the End of the Line, 
A, draw the Line AC, ſo as 
to make any Angle at A; 
from the other End of the 
Line, B, by Prob. 7, draw a 
Line BD, making an Angle 
at B equal to the Angle at A 
which Lines A C and 35 | 
will be parallel to each ather: ' 

On cach of theſe Lines, with any Anett of the « Compeſte, 
from the Points A B, reſpectively, 75 off as many Parts equal 
to one anoth „ ſave one, as the given Line is 5 be divided 
into; as ſuppoſe 10, ſet off g 1 Parts, numbering them 1, 2, 
3, Cc. on each Line; gray f 5 75 18. 3, & 6 in the 
Line A C, to 9, 8, % &c, in the Line 8 Da then will the 
Ty AB * — into ten 0 N „ Khan 


; e> fy 


4 10 T 


* — ＋ "5 


""P)bb. I2, From a Point, B | aſian vc of a Cirsle, ta draw 
a Tangent ta the Circle, or a Line that. Sls touch me Cir ir cum- 
Ry but. nat an M % dh | 

- From the, — Point B, . 1 E ee eee 

Line Be to the Center of the Circle; | vil 26 Be 
which is called the Secant ; | Sines, Tan- 
gents, and Secants will be defined: in the 
Beginning of the Trigonometry]. Divide 
this Line into two equal Parts in e, 12 oy 
Prob. 1; then, with one ee che a 516) 
Compaſſes 11 c, with the Ex- N 

te B or c e, draw the 0 14210 Ts nel. 

A B, cutting — Cirele in F 2 5 36 
; =. a Line from B through ihe deter. at As this wil 
be a hag to the given CS: % „ wy de 


| " 1980 ft. of; i TY 

Let AB be the given ot 2 ag | | B 

a Line at Pleaſure, larger than the given Line ; Th take the 
$iven Line A B in the Compaſſes, ſet one Foot in A, _ 
n. 


| . Of. Plain Geometry, 
Ling laſt * with the other 


make a Mark at B, and with the 
ſame Extent of the Compaſſes draw 
the Arch ?; keeping the Compaſſs 
to the fame Extent, put one Fot 
in B, and draw the Arch /, 11 N 

ing the formet Arch; from the 


terſection of the "Arches draw A ; 
Lines to A and B, and the Trang 6 complete, wen ach 
Side equal to the given N AB 
Prob. 14. To draw/a Trial whi 7 Sigh Hall he 5110 fo 
three given Lines, if any two of at "We than ing 


Let A, B, C, be three given 
Lines: Drau Line, A B, at 
Pleaſure take the Line C in the 
Compaſſes, ſet one Foot in Aa, 
and with the other make Mark 1 172 575 
at B; then take the given Line 
B in the Compaſles, ſet ona Foot 
in B and deſcribe the Arch C; 
then take the given Line A in 
the Compaſſes, and ſetting one 
F lh A, ae e Arch CAL 
in C; Wh ines AC 
and B 8 29 0 the riangle is completed, having three Sides, 
each equal to one of the given Lines. | 


Prob. 15. 2˙ dſerib Ongls mechanically. | 


Di two parallel Lines, as L and 
M, at a moderate Diſtance, by Prob.s ; 
then draw two others at the ſame Di- 
ſtance, croſs the former, as N and 4 hd 
by the Croſſing of theſe Lines will be | 
made à Figure, A D, of four Sides : 
Extend the Comp aſſes at Pleaſure, and 
ſetting one Fo in D, deſcribe the 

Arch c de with the ame Extent, fer 

one Foot in B, and deſcribe the Arch fg h; ho ſet ng be 

of the Compaſſes in C, and contract them ſo as to reach the 

Point e, and deſcribe the Arch I m; with the ſame Extent, 

and one Foot in A, deſcribe the Arch i, and the Oval is com- 

pleted: In the fame Manner, with a — or leſs Extent 
of 


ö 
| 
| 


right Line BC, and divide that in A;.; 


5 , 
e.. 
| ' 
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of the Compaſſes, may a greater or lefs Oval be made by the 
ſame ſour- ſided Figure, ABCD. 4 


s 7 Py » 


Prob. 16. 75 deſcribe an Oval, . or Eli by a Thread. 


The Length of the two Dia- 

meters being given, draw them 

at right Angles, as P A for the 
"tranſverſe or longeſt Diameter, 2 
and T V for the conjugate or 
ſhorteſt Diameter; take Half the _ 
longeſt Diameter BC, or CA, in =_— 
the Compaſſes, and ſetting _— 
Foot in T or V, interſe& the 1 V 5 
longeſt Diameter in S and O, which are called the t two Ceh- 
ters, or Foci, of the Ellipſis; at each of which Centers, or Focr, 
fx a Pin: Get a String and put it over the Pin at O, bring the 
Ends to P, tie the String, take à Pen, or black- lead Pencil, 
and put it into the String, fo as to keep it ftraight'z carry the 
Pen at the End of the String about the two Centers, or Foci, 
8, O to T, A, * and nn — 
pleted. [ik Ny * 3 N11 


— — , EI "ws 
. — . * » - * * 
, g $1 * 3 Ls ; ; 


Prob. 17. To draw a Cirde which ſha ” 7075 r A any 
thre given Points, A, B, C, which! art not in a a firaight, "Line. 


; 


Draw the right Line AB) abddt- 4 0 07 A6HP9 d 
vide it into two equal Parts by @& 
Prob. 1, by the Line de; draw thbe 


the ſame Manner into. two equal = 
Parts, by the Line F e, meeting the 
Line d e in e, the Center of the 
Circle required: Therefore, ſetting 
us e Foot of the Compaſſes in e, ex- 

d the other to any one of the. , 
three given Points, and deſcribe a 
Circle; this Circle will * through the three given Points, 
ib. e 3 
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1922 Of LOGARITHMS, 


 OGARIT HMS are a modern Invention, of very 
| great Uſe. The Inventor was John Lord Nepier, or 
Mer, Baron of Mercbiſton in Scotland, who firſt 
publiſhed them in the Year 1614: By the Structute of his 
Logarithms, and the Method he uſed in calculating them, they 
ſeem to have been found out by mere Accident, like many 
other uſeful Inventions. His Lordſhip ſeems to have been ex- 
tracting the Square Roots of Numbers, and the Square Roots 
of thoſe Roots, &c. as for his Recreation, or out of mere 
Curioſity only: But he found, that, when he had extracted ſo 
long, — the Roots were only an Unit, with a decimal 
Fraction, whoſe firſt Places were a Number of Cyphers ; at 
the next Extraction, there came out juſt ſo many Figures in 
the decimal Part of the Root, the Half of the former, from 
whence it was extracted, as there were Cyphers betwixt the 
Integer and the ſignificant Figures of the decimal Fraction. 
This, to a Perſon filed in the Nature and Relation of Num- 
bers, arithmetical and geometrical, was a ſufficient Hint. 
Theſe were his Logarithms, which may not improperly be 
called the natural Logarithms of Numbers. This Diſ | 
he communicated. to Mr, Henry Briggs, Savillian Profeſſor of 
Geometry at Oxford. Mr. Briggs, finding the Matter capa- 
ble of Improvement, propoſed the making the Logarithm of 1 
to be o, of 10 to be 1, of 100, 2, of 1000, 3, &c.. and 
the intermediate Numbers to be ſupplied by Decimals: This 
he communicated to the Inventor, my Lord Nepier, who ap- 
2 it: So that Mr. Briggs was the Inventor of the 

garithms we now uſe; of which he calculated large Ta- 
bles, and publiſhed them in the Year 1624, in his Arithmetica 
Logarithmica. When the Logarithms, were publiſhed, the 
Convenience of performing Multiplication by Addition, Di- 
viſion by Subtraction, and the extracting the Roots of Num- 
ders by taking the Half or third Part, made every one fond of 
them; ſo that they ſoon had Acceſs to all Parts of Zurape. Mr. 
Edmund Gunter made a Table of artificial Sines and Tangents, 
and projected the Logarithms on a Scale, for multiplying, 
dividing, and work ing the Rule of Proportion, or Rule of 


Three; which from him is called Gunter's Scale, or Gunter's 
nts p | 


(4 


The 
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The Deſcription and Uſe of the Legarithms. 


The firſt Page of the Table is diyided into fix Colu 
three of Which, viz. the firſt, third, an] fich cont cn 
natura Numbers from 1 to 99 0% inclitſive : : Ih the feco 
fourthy and ſixth Columns, 1188 againſt each Number, you 
have its Logarithm; only obſerde, that the Index, or Chafac- 
teriſtic” of the hay is omitted. The Logarithm of 
every Number conſiſts of two Parts, which are uſuall = 
down; like Integers and Decimal Fractions, with a Dot be 
chem; that Pare which ſtands to the left Han of the Dot is 
called the Index, which is uſually omitted in the Tables. "The 
Learner therefore muſt carefully remember, that the Index to 
9 under 10, iis —— o. | 

From 10 to all under rob, 5 . 

From xo to all under 100, 'is 2. Se" 
Prem roco to all under roo00, is 3. 
Trac is, the Index of the Logarithm is days Wes by 

Unity than the Number of Places of Tritegers in the Number 
whoſe Logarithm is requfred. The Reader carefully remem- 
bering this neeoſſar Caution, I ffatfr now fhew Kim bow to 
find cho Logyrithh of au Number uſe in common Opeta- 


tions 

For which Purpoſe, 36 wit be nee to oberes the 
Structure of the following Pages of the Table. Every left- 
hand Page is divided into kr Columns: Tit the firſt, on the 
let Hand Pages, are contained the natural Numbers, begin⸗ 
ning at 100 at the Top of the firſt Page, and proceeding rd 
999, in the natural Order: The five ot er ebene on the 
left hand Pages, are Eogarithms without their Indexes; and 
the ſecond, third, fourth, fifth and fixth on the right 
Hand Pages, likewiſe contain Logatithms without their In- 
dexes .: Over theſe ten Columns of Logarithms are placed the 
Cypber and nine Digits, that is; a Cypher over the firſt; 
and 1, 2, 3, Ce. to q, over the others; the Uſe of which 
will be ſhewn hereafter: In the firſt Column of the right- 
hand Pages, the Numbers are repeated from the firſt on the 
left hand Pages, ſor the more ready finding the Logarithms: 
The ſeventh Column of the right 1 Pages, marked at the 
Top D, contains "the Differences of Long 21 in each 


Line. 


To 


ER 
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To find the Logarithm of 9, look in the firſt Page of che 
Table for 9, under the Title N, in the firſt Column; and 
right againſt it in the ſecond Column, under the Title Loga- 
rithm, you'll find. 954242 the Logarithm of q, without the 
Index, which, according to the Rule above, is o: So that the 
Logarithm of 9 is 0.954242; for we always put down the In- 
dex of a Logarithm, though it be a Cypher, | | 
It it be required to find the Logarithm of 15, in the Table, 
againſt 15, you have . 176091; to which prefixing the proper 
Index, (which in this Caſe is 1, as the Number 15 conſiſts 
of two Places) the true Logarithm of 15 is 1.176091. Again, 
tet it be required to find the Logarithm of 95; in the Table 
— have. 977723, to which prefixing the Index 1, as 95 con- 
iſts of two Places, and is under 100 the true Logarithm of 
95 is 1.977723; and the ſame of any other Number under 
100. 8 1 | 
But, for Numbers from 100 to 10co, the Rule for bathe 

the Logarithm is, to look for the given Number in the fir 
Column of one of the future left-hand Pages of the Table, 
under the Title Number, and right againſt the Number, in the 
next Column, over which is placed o, is the Logarithm to the 
Number, without the Index, as before: Thus the Number 
115, being'given, will be found in the ſecond Page of the 
Table; and againſt it, in the ſecond Column of that Page, is 
.060698 ; to which prefixing the Index 2, (as the given Num- 
ber 115 conſiſts of three Places) then 2.060698 is the Loga- 
rithm ſought :- So the Logarithm of 487 being required, look 
in the firſt Column of the left-hand Pages for 487, it will be 
found in the fixteenth Page; and right againſt it, in the ſe- 
cond Column of the ſame Page, you have .687529, which is 
the Logarithm, without the Index; to which prefixing 2, you 
have 2.687529, for the true Logarithm of 487, the Number 
given, If the Logarithm of 796 were required, look in the 
firſt Column of the left-hand Pages for the given Number, 
and againſt it you'll find.. 9009 13; to which prefixing the 
proper Index, you have 2.900913, the true Logarithm fought. 
Again, the Number 890 being given, look in the firſt Column 
of the left-hand Pages for your Number, and againft it, in the 
next Column, you have. 949390; to which prefix 2, the pro- 
= Index, and 2.949390 is the Logarithm for 890, the Num- 
r given, C | | 
"Bur when a Number conſiſts of four Places, the firſt three 
only to the left Hand are to be ſought in the firſt Columns of 


the left-hand Pages, and the laſt Place, or Place of Units, is to 
* D d be 


= 
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ſought at the Top of the Table: Thus, if the Number 4270 
were given, look in the firſt Column of the left-hand Fages 
for 427, and look among the Figures o, 1, 2, 3, &c. at the 
Top of each Column for o; then in the Column over which 
© ſtands, and againſt 427, before found, you'll find. 630428; 
to which prefixing the proper Index 3, we- have 3.630428, 
the true Logarithm of 4270. 

If the Logarithm of 7816 were required, look for 781 in 
the firſt Column of the left-hand. Pages, and then look among 
the Numbers o, 1, 2, 3, Cc. at the Top of each Column, 
till you find the 6; then againſt the 781, in the Column 
under the Number 6, you have .892985; to which prep 
fixing the Index 3, it gives 3.892985, the true Logarithm 
of 7816, the given Number. Again, if the Logarithm 
of 9415 be required, look for 941, as before, and look 
among the Numbers o, 1, 2, 3, Cc. at the Top of each 
Column, till you find the 5; then againſt 941, in the Column 
under the Number 5, you have .97 3820, for the Logarithm 
of 9415, excluſive of the Index 3; which muſt be ſupplied, 
as before. 

If the Logarithm of a mixt Number, that is, Integers and 
decimal Fractions, be required, ſeek it as if the Number were 
all Integers: Thus, if it be required to find the Logarithm of 
24.7, you muſt look for the Logarithm of 247 in the Table; 
only inſtead of prefixing 2 for the Index, you muſt put 1, 
which is the Index for 24, not regarding the fractional Part, 
but the Integers alone, in putting down the Index; ſo that the 
Logarithm of 24.7 is 1.392697, which would be the Loga- 
rithm of 247, if 2 were prefixed for the Index, If the Loga- 
rithm of 57.6 were required, look in the Table for the Loga- 
rithm of 576, and prefix x for the Index, being the Index of 
the integral Part 57. Again, if the Logarithm of 8.19 be 
required, look in © Table for the Logarithm of 819, as 
though it were an integral Number, and you'll find .913284 ; 
to which prefixing o, the Index for 8, (being under 10) 
0.913284 is the true Logarithm of 8.19, the given Number. 


To find the Logarithm of a Number conſiſting of 


five Places. 


Rule. Firſt find the Logarithm for the firſt four Figures 
Without the Index, as before taught; then take the Diffe- 
rence in the laſt Column under D; multiply this Difference by 
the laſt Figure of the given Number, and divide the P — 


% 
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by ro, and the Quotient, added to the before- ſound Logarithm, 
will be the true Logarithm of the given Number, when the 
proper Index is prefixed to it. If it were required to find the 
ogarithm of 35274, look for the Logarithm of 3527, in 
the Manner before taught, and you will have .547406, the 
Logarithm of 3527, without the Index; but, for the Loga- 
rithm of 352,74, take the Difference in the laſt Column marked 
D, where you will find 123, which is the Difference betwixt 
the Logarithm of 3527 and 3528; multiply this Difference 
by 4, divide the Product by 10, add the Quotient to. the be- 
fore-found Logarithm, and prefix the proper Index 4, you 
Will have 4.547455, for the true Logarithm of 35274. 


Log. of 3527 is .547406 Difference 123 


Part proportional add 49 4 
547455 4912 


To find the Logarithm for 32716: The Logarithm of 
3271, without the Index, is .514681, and the Difference in 
the laſt Column under D, is 132, which multiplied by 6, and 
the Product divided by 10, the Quotient, added to the Loga- 
rithm {of 3271, gives the Legarithm of 32716, without the 
Index, as tollows.: | 


Log. of 3271 is .51468r Difference. 132 
„ we 


| +514760 7912 

Therefore the proper Index 4, being prefixed, gives 4.514760, 
for the true Logarithm of 32716, eee Riker "oY 

In the ſame Manner may a Logarithm be found for a Num- 
ber of fix Places, as 149635, by firſt finding the Logarithm 
of the firſt four Figures 1496, and the Difference in the laſt 
Column ; this Difference multiplied by the two laſt Figures - 
35, and the Product divided by 100, by cutting off the two 
laſt Figures, the reſt added to the Logarithm of 1496, and the 
proper Index 5 prefixed, you have the true Logarichm of the 
given Number, ; 


Log. of 1496 is .,174932 Difference is 291 


Parts proportional add 10 33 
Log, of 149635 is 5. 175034 | I455 
3873 
101ʃ8 5 


D d 2 


To 
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To find the Number to a given Logarithm. 


Look in the ſecond Column of one of the left-hand Pages of 
the Table for the Logarithm, without the Index; if you find 
it there exactly, then the Number which ſtands againſt it in 
the firſt Column, is the Number ſought: If it is not to be 
found exactly in any of theſe Columns, look for the next leſs 
Logarithm, and caſt your Eye ſtraight along that Line to the 


other Columns; if it be found in any of theſe, the Figure at 


the Top of the Column in which it is ſound muſt be joined 
to the other three, and theſe four Figures are the Number 
ſought, the Value of which will be determined by the Index. 


Exam, 1, To find the Exam. 2, To find the 
Number to the Logarithm Number to the Logarithm 


0.796574. 3-532409. 
Anſwer 6.26, . . Anſwer 3408. 


Exam, 1. I find the given Logarithm in the ſecond Column 
of ane of the. left-hand Pages, and againſt it the Number 626; 
but as the Index of the Logarithm is o, I thence know, that 
the Number, to which it belongs, conſiſts of but one Place of 
Integers, or is under 10 ; therefore I place a Dot between the 
firſt Figure 6, and the other two, marking them off for Deci- 
mals, fo that 6.26 is the Number ſought. 

Exam. 2. Not finding the Logarithm given in the ſecond 
Column of any of the left-hand Pages, I obſerve the next leſs 
is . 531479; from which looking along the Line, I find my 


Logarithm exactly in the laſt Column of Logarithms but one of 


the right-hand Page; and at the Top of that Column I fee 8, 
which muſt be annexed to the Figures in the firſt Column of 
the left-hand Page, againft the Logarithm firſt found, where 
we have 340; to which annexing 8, it makes 3408, for the 
Number to the Logarithm 3.5 32499 given. 

Here it may be obſerved, that had the Index been either 
more or Jeſs than 3, the Number muſt have conſiſted of a 
greater or a leſs Number of integral Figures: Thus, if the Index 
had been 4, there muſt have been five integral Figures, by an- 
nexing a Cypher to thoſe found; but had the Index been 2, 
the 8 muſt have been marked off by a Dot for a Decimal; 
and in the ſame Manner the Numbers are found to the follow- 
ing Logarithms ; | 

| 0.759668 
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04. Nod o. 7 59668 5.75. 

1. 0.991669 9. 
1.060698 18 11. 5. 
1.294466 ( © 19.7. 
1.397940 25.6. 
2.392097 — C. 


Where the Reader may obſerve, that, when the Index is o, 
then the Number ſought has only one Place of Integers; if 
the Index is 1, then the Number ſought has two Places of In- 
tegers; if the Index is 2, the Number ſought has three Places 
ol Integers. 


If the given Logarithm is neither to be found in the Grond 
Column of the left-hand Pages, nor in either of the other nine 
Columns, take the next leſs, and ſubtract it from the given Lo- 

arithm; if the Difference be conſiderable, annex 9 to it, 
- and divide this Sum by the Difference in the laſt Column under 

D, and the Quotient will be the fifth Figure, to be annexed 
to the four already found, | 


Exam. 1. To find the Number to the Logarithm 4.571090 
The next leſs Log. (whoſe Number is 37 24) 571009 


Difference — — — 81 
To 81 annexing q, it is 819. 


Tab. Diff. 117) 819(7, which annexed to 3724, before 
819 (found, gives 37247 Anſwer. 


Exam. 2. To find the Number to the Log. 2.694210 
The next leſs Log. (whoſe Number is 4945) 694166 


8 44 
To 44 annexing q, it is 449. 


you Diff. 88 ( 449 ( 5, which joined to 4945, the Number 
440 ( before found, the Anſ. is 49455. 


To 0 fad a Number conſiſting of fix Places to a 
given Logarithm. 


Rule. Firſt find the next leſs Logarithm in the Table, as 
alſo the Difference in the laſt Column under D; then take out 
the four Figures belonging to the Logarithm in the Table, and, 
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in order to find the two Figures to be annexed to theſe to 
complete the Number, ſubtract the Logarithm found in the 
Table from the given Logarithm; to this Difference annex 
+ 099, and divide it by the Difference found in the laſt Column  . 
under D, and the Quotient will be the Figures to be annexed 
to the four before found, 

But it is here to be obſerved, that in theſe Tables, the de- 
cimal Part of the Logarithms conſiſting of but fix Places, a 
Number of fix Places cannot be found ſufficiently exact, but 
only in the former Part of the Table, before the Logarithm of 
4000, becauſe the Differences are afterwards too ſmall to cal- 
culate Numbers to fix Places. 


To find a Number to fix Places to the Logarithm 5.454306 : 
The next leſs Logarithm is .454236, whoſe Number is 2846, 
and the tabular Difference 153. 
The given Log. is. 454306 Tabular Diff. 153 ( 7199 (47 
| + 


The next leſs 454235 
The Difference is 71 1079 
IO7I 


The Quotient 47, being annexed to the four Figures found in 
the T aole, gives 284647, for the true Number to the Logarithm 
5.454306: The Index being 5, ſhews the whole to be Integers. 


To find a Number to fix Places to the Logarithm 3.241877: 
The next lefs Logarithm in the Table is .241795, whoſe Num- 
ber is 1745, and the Difference in the laſt Column is 249. 


The given Log. is .241877 Tabular Diff. 249) 8299 (33 


The next leſs 2241705 747 
82 829 
| 147 


The Quotient 33, annexed to 1745, makes 174533, for 
the Number to the given Logarithm : But, as the Index 1s but 
3, there can be no more than four Places of Integers; ſo that 
1745-33 is the true Number to the given Logarithm. 


The Deſcription and Uſe of the Table of Sines and 


Tangents. | 


The Table of Sines and Tangents has the go Degrees of 
the Quadrant, diſpoſed in the following Manner: At the Top 
of the fi:ſt two Pages is placed o Degree, at the Top of the 

| | two 


Of Logarithms. 207 
two next 1 Degree, and ſo proceeding on to 44 Degrees at the 
Top of the two laſt Pages; and then beginning with 45 De- 
grees at the Bottom of the two laſt Pages, and proceeding back 
again to 89 Degrees at the Bottom of the two firſt Pages. 

The Minutes are contained in the firſt and laſt Column of 
each Page, marked with the Letter M, for Minutes: In the 
firſt Column to the left Hand of each Page, the Minutes in- 
creaſe as they deſcend; on the left-hand Page, from © to 30, 
and on the right-hand Page, from 3o to 60 : But in the laſt 
Column of each Page, the Minutes increaſe as they aſcend; on 
the right-hand Page, from o to 30, and on the left-hand Page, 
from 3o to 60: Between theſe Columns, in each Page, are four 
other Columns, marked at the Top, Sine, Ci-/ine, Tangent, Co- 


tangent, and at the Bottom, Co-fine, Sine, Co-tangent, Tangent. 


The Degrees, Minutes, Seconds, &c. are uſually wrote in 
this Manner, 269. 15', 30“, which are to be read, 26 De- 
grees, 15 Minutes, 30 Seconds. 


To find the Logarithmic Sine of 23. 21. 


Find the 23 on the Top of the Table, and in the Column 
to the left Hand, marked M, the Numbers beginning at o, 
and increaſing as they deſcend, thus, ©, 1, 2, 3, to 3o, find 
the 217; againſt which, in the Column over which is the Word 
Sine, you have, for the Sine of 230. 217, the Logarithm 

9.598075. wb 
In the ſame Man- I99 „12 : 3 9-517020. 

a. 34 +16 C is found to be 3 9.7 50543. 

_ * er 41 . 24 þ 1 

To find the Sine of 249 . 41“: Having found the 240 at 
the Top of the Table, as before, the Minutes, being above 
30, muſt be ſought in the firſt Column of the right-hand Page, 
marked M, where the Numbers, beginning at 30, increaſe as 
they deſcend thus, 30, 31, 32, to 60; amongſt which ſeek 
for 41, and right againſt it, in the Column marked Sine at the 
Top, you have the Sine of 24® . 41', 9.620763. 


F 4 99. 58* | 9.238235. |; 
po ng wy Tang: 20 «45 . is found to be 32879 
nfo ray C35 . 369 C9. 765015. 


But, when the Number of Degrees exceed 45, you muſt 


look for them at the Battom of the Page, and for the Mi- 


I nutes 


— —— ͤ —́3ũ— ä. — == 
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nutes in the laſt Column to the right Hand, marked M, 
where the Numbers increaſe as they aſcend : Thus, to find the 
Sine of 510. 200, 

Find the 51 at the Bottom of the Page, and in the laſt 
Column to the right Hand, in the right-hand Page, find 20'; 
againſt which, in the Column having the Word Sine at the 
Bottom, you have 9.892536, for the Sine of 5 1. 20”, 


689 . 15 96792 

In the ſame Man- 3 5 0 . 5 9927927 

47 + 9 is found to be .865185, 

ner, the Sine of 5 .24 8 es 

To find the Sine of 480. 39“: Having found the 48 at the 

Bottom of the Table, as before, the Minutes, being more than 

30, muſt be ſought in the laſt Column of the left-hand Page, 

where the Numbers, beginning at 30, increaſe as they aſcend, 

to 60 at the Top; amongſt which find the 30“, and againſt it, 

in the Column of the ſame Page marked Sine at the Bottom, 
you have 9.875459, for the Sine of 48* . 300. 


the fame Man-F 5!“ · 32'> . 9.893745 
m the Sine of ] 92 . 54 8 is found to be C 9.949494 
: 79 . 46 9.99 3036. 
The Tangents may be found in the ſame Manner, to any 
Degree and Minute of the Quadrant; always obſerving, that, 
when the Degrees are found at the Top of the Page, the Mi- 
nutes are to be ſought in the firſt Column to the left Hand, 
where the Numbers increaſe as they deſcend downward; and, 
when the Degrees are found at the Bottom of the Page, the 
Minutes muſt be ſought in the laſt Column, where the Num- 
bers increaſe as they aſcend upwards. | | 
The Co- ſines and Co-tangents are to be found in the ſame 
Manner, being no more than the Sines and Tangents of the 
Complement of the given Number of Degrees and Minutes to 
go®, or a whole Quadrant, | 


ll: 
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Plain TRIGONOME TRV. 


gles, is of two Kinds. The Meaſuring of right- lined 
Priangles, otherwiſe called plain Triangles, is called 
Plain Trigonometry : The Meaſuring of curve-lined Triangles, 
commonly called ſpherical Triangles, is called Spherical Trigo- 
nometry. 


T RIGONOME T RL, or the Meaſuring of Trian- 


Definitions, 


„ Plan Trigonometry, "6 
Definitions. | 


4 plain T1 highs: is a Figure contained between three right | 
Lines, which at their Meeting make three Angles, | 

If one of the three Angles of a Triangle be a right Angle, 
the Triangle is called a right-angled Triangle. | 

If neither of the Angles of a Triangle is a right Angie, the 
Triangle is called an obligue-angled Triangle. | 

If, in an oblique-angled Triangle, one of the Angles is 
obtuſe, that is, greater than a right Angle, it is called an ob- 
tuſe-angled Triangle. | 

If all the three Angles are acute, that is, leſs than right 
Angles, then is the Triangle called an acute angled Triangle. 

If all the three Sides of a Triangle are equal, it is called an, 
equilateral Triangle. 

If two of the Sides only are equal, it is called an 1/oſceles, 

If the three Sides are all unequal, it is called Scalenum. 


In a right-angled Triangle, as B 
ABC, the longeſt Side, AB, is | 
called the Hypothenuſe, and the 
other two Sides the Legs, of which, 
that on which the Triangle ſeems 
to ſtand, as A C, is called the Baſe, | 
and the other Side, BC, the Per- A * C 
pendicular. ; 

In an oblique-angled Triangle, the longeſt Side is uſually 
called the Baſe. 

Angles are meaſured by the Arch of a Circle, The Peri- 
phery of every Circle, whether great or ſmall, is divided into 
360 D „each Degree into 60 Minutes, every Minute | 
into 60 Seconds, and ſo on to Thirds, Fourths, &c. 

Any Portion of the Periphery | 
of a Circle, as ECF, is called 
an Arch; and a Line drawn from 
the Ends of an Arch, as EIF, is 
called the Chord of the Arch, 
Half the Chord of any Arch, as 
EI, is called the Sine of the 
Arch E C, and IC is called 
the verſed Sine of the ſame Arch 
EC; ſo alſo EG is the Sine of 
the Arch E D. A Line drawn perpendicular to the Diameter 
of a Circle, ſo as to touch the Circle, and not cut it, is called 
a Tangent, as C H, which is the Tangent of the Arch E C, 

of becauſe 
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becauſe the Line B H, drawn from the Center B through E, 
called the Secant, meets it in the Point H, Any Radius, as 
BD, is the Sine of 90®, uſually called the whole Sine. 


The Deſeripti on and Uſe of a Scale of equal Parts. 


The common plain Scales have on them a Line of equal 
Parts, marked L, divided into 10 equal Parts, marked 10, 20, 
30, &c. to 100: At the Beginning of the Diviſions there is 
one other Part not numbered, which is ſubdivided into ten 
Parts by ſmall Diviſions; the middle one, being 5, is drawn 
longer than any of the reſt to diſtinguiſh it, The Uſe of this 
Line of Parts is, to lay any Thing down upon Paper, having 
the Dimenſions given: As ſuppoſe a Triangle was given, 
one Side being 21 Inches, another 28, and the third 35: To 
lay this down on Paper from the Line of Parts, you muſt 
draw a Line on your Paper; then, to ſet off the longeſt Side 
on the Line, ſet one Foot of the Compaſſes in the Diviſion 
marked 30 of the larger Diviſions, and extend the other back- 
ward on the Line to the 5 in the ſmall Diviſions; this 
Extent mark in your Line; Then, for the 28, ſet one Foot 
of the Compaſſes on the Diviſion marked 20, extending the 
other back to 8 on the ſmall Diviſions ; with this Extent, 
ſet one Foot in the Mark made at the End of the Line, and 
with the other draw a Portion of an Arch; which done, ſet 
one Foot of the Compaſſes on the fame Diviſion, marked 20, 
and contract the Compaſſes, till they reach to the firſt of the 
ſmall Diviſions; with this Extent, ſet one Foot in the other 
Mark made in your Line, and draw another Arch, crofling the 
former; Laſtly, from the Interſection of theſe Arches,” draw 
Lines to the two Marks made in the firſt Line; fo will you 
have a Triangle in the ſame Proportion as was given. But, in 
Caſes where the Numbers are Hundreds, Tens, and odd Ones, 
there are on thoſe Scales uſually two diagonal Scales, one 
divided into Inches, the other into Half-Inches ; theſe Scales 
are numbered with 1, 2, 3, &c. the Diviſions at the End are 
uſually numbered 2, 4, 6, 8 at the Side, there not being 
Room to put all the nine Digits, therefore 1, 3, 5, 7, 9, have 
no Numbers: There are likewiſe ten parallel Lines run the 
Length of the Scale, and at the End, among the ſmall Divi- 
ſions, there are diagonal Lines, croſſing from one of thoſe Paral- 
lels to another. To take off any Number from theſe Scales, 
ſuppoſe 768, look out the great Diviſion marked 7, and then 
look on the ſmaller Diviſions at the End for that marked 4 3 
„ PERS 8 


— 
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the Compaſſes being extended from 7 in the greater Diviſions 
to 6 in the ſmall, is 760 ; but, for the 8, you muſt count eight 
of the Parallels, and ſet one Foot of the Compaſſes where the 
eighth Parallel croſſes the Line marked 7, before found, and ex- 
tend the other Foot to where the Diagonal 6, before found, 
croſſes the ſame Parallel; that Extent is 768, the given 
Number. | ONT TOM 


The Deſcription and Uſe of a Line of Chords. 

I have before obſerved, that all Circles are ſuppoſed to be 
divided into 360 Parts, called Degrees ; therefore each Qua- 
drant contains go Degrees, as appears by the Diameters cutting 
each other at right Angles: If then a —.— of a Circle be 
divided into go Degrees, and the Diſtance from one End of 
the Arch to each of theſe Degrees be transferred to a ſtraight 
Line, this is what we call a Line of Chords, The Radius of 
every Circle, being taken in the Compaſſes, will, if the Com- 
paſſes be ſet in the Periphery and turned about, at fix Times 
go round the Circumference; therefore the Radius is the Chord 
of 60 Degrees, On the plain Scale there are uſually two 
Lines of Chords to different Radii, marked at the End Cho. 
the Uſe of which is to meaſure Angles; for, if you take in 
your Compaſſes 60 Degrees from the Line of Chords, and, ſet- 
ting one Foot of the Compaſſes in the angular Point, draw 
an Arch from one Leg of the Angle to the other, and then 
take in the Compaſſes the Length (or rather the Chord) of the 
Arch, that, meaſured on the ſame Line of Chords, will ſhew 
the Degrees of the Angle, as has been already ſhewn, Prob. 8. 

There are uſually on the Scale divers other Lines; as a 
Line of Sines, a Line of Tangents, a Line of Secants, a Line 
of Half-Tangents, &c, whoſe Uſe we ſhall have Occaſion to 
explain hereafter. | 


The great Uſe of Logarithms is in Trigonometrical Calcu- 
lations, All the Caſes in Trigonometry being done by the Rule 
of Proportion, to avoid the Trouble of Multiplication and 
Diviſion, Mr. Gunter, as was obſerved above, calculated the 

Logarithms of the Sines and Tangents, by which all the 
Problems in Trigonometry are performed: So that, having 
alſo Tables of the Logarithms of Numbers, nothing more is 
neceſſary, but to add the Logarithms of the ſecond and third 
Numbers in the Proportion together, and from their Sum ſub- 
tract the Logarithm of the firſt ; the Remainder is the Loga- 

. E e 2  - 
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rithm of the fourth Number ſought ; that is, it is the Loga- 
rithm of the Length of the Side, when a Side is required, or 
of the Sine of the Angle, when an Angle is required: And, 
when the firſt Number in the Proportion happens to be the 
Radius whoſe arithmic Sine is 10.000000, that is, 10. 
there is then no Occaſion for any other Subtraction, but only 
to reject 10 out of the Sum of the ſecond and third Numbers. 


Of right-angled plain Trigonometry. 


There are eight Caſes in right-angled plain Trigonometry, 
"ſeven of which are ſolved by the following general Rule: The 
Method of ſolving the other will be explained when we come 
to it. The general Rule is this: 


As the Sine of any Angle 

Is to its oppoſite Side, | 
So is the Sine of any other Angle 
To its oppoſite Side: 


Or, 
2 As the Length of any Side 
ls to the Sine of the Angle oppoſite, 
So is the Length of any other Side 
To the Sine of the Angle oppoſite to it. 


Prob. 18. In the right-angled plain Triangle A B C, right. 
angled at B, given the Baſe A B 47.5, the Hypothenuſe A C 
59-4 3 to find the Perpendicular BC, and the Angles at A and C, 


Conſtruction. Draw the Baſe-Line AB 


at Pleaſure; ſet one Foot of the Com- C 
paſſes on the Diviſion of the diagonal « 
Scale at 4, and extend the other Foot to 

— —B8 


ſeven of the Diviſtons at the End of the 
Scale; this is 47 : Now, to take off the Lr? 
.5, take your Compaſſes fiom the Scale, $4 | 
and go down five of the Lines which are drawn parallel to the 
Sides of the Scale; place one Foot of the Compaſſes there, 
and you will obſerve the other will fall a little ſhort of the 
Line they before touched at the End of the Scale; extend the 
Compaſſes till they reach that Line; this Extent is 47.53 
which place on the Baſe-Line from A to B, and at B erect 
B C perpendicular to A B, by Prob. 3, and continue it at 
Pleaſure, Now, for the Hypothenuſe, ſet one Foot of the 
Compaſſes on the diagonal Scale at 5, and extend the other Foot 
R to 


 Phain Trigonometry. 213 
to nine of the Diviſions at the End of the Scale; this is 49 5 
take your Compaſſes from the Scale, go down four of the 
Lines which are drawn parallel to the Sides of the Scale, and 
there place one Foot, and the other will fall a little ſhort of the 
Line it before touched at the End of the Scale; extend the 
Compaſſes till they touch that Line, and this Extent is 59.4 : 
Now place one Foot in A, with the other croſs the Perpen- 
dicular BC in C, and draw the Hypothenuſe A C, which 
completes the Triangle A B C. | | 

The given Parts are marked with —, and the Part required 
with o, whether they are Sides or, Angles. 

Now I obſerve, that the Hypothenuſe A C is given, and op- 
polite to the right Angle at B, which, in a right-angled Tri- 
angle, is always known from the Triangle ; and that the Baſe 
A B is given, and is oppoſite to the Angle at C, which is one 
of the Parts required to be found ; which is done by the follow- 
ing Proportion according to the general Rule : 


As the Hypothenuſe A C, 59.4, 


1.773786 


Is to the Radius, or Sine of the Angle at B, 10. 
So is the Baſe AB, 47.5, 1.676694 


11.676694 ; 
1.77 3786 


To the Sine of the Angle at C, 53. 6, — 9. 90 298 


The ſecond and third Numbers being added together, and the 
firſt ſubtracted from their Sum, leaves 9.902908 for the Sine 
of the Angle at C; againſt which, among the Sines in the 
Tables of Sines and Tangents, you will find 539. 6', for the 
Angle at C; which Angle being meaſured by the Scale of 
Chords, by Prob. , if it is found to meaſure right, it proves 
that the Conſtruction and Calculation are both true, | 


The Angle at B is o. oo 
Subtract the Angle at C 53. 06 


Remains the Angle at A 36 . 54, which may be meaſured 
(in the ſame Manner as was the Angle at C. 


Now I obſerve, that the Baſe A B is given, and oppoſite to 
the Angle C, which was found by the former Proportion ; 
and that the Angle A is alſo found, being the Complement 


of the Angle C to go®, and is oppoſite to the * 
t 
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the other Part required to be ſound; which is done by the fol- 
lowing Proportion : 

As the Sine of the Angle at C, 53. 6, — 9.902079 


Ts to the Baſe AB, 47. 9 — 1.676694 
So is the Sine of the Ange at A, 360. 54, 9.778455 + 


11.455 149 
9.902919 


To the Perpendicular B C, 35. 66, — I, 552230 


The ſecond and third Numbers being added together, and 
the firſt ſubtracted from their Sum, there remains 1.552230 
for the Logarithm of the Perpendicular BC. Now, 4s ooking 
for this Logarithm in the Table of Logarithms, neglecting 
the Index 1, the neareſt N to it is , 558145 ; againſt 
which, in the Column on the left Hand, I find 356; and, 
among the Figures at the Tops of the Columns; over that 
where my Logarithm is, I find 6, which, being placed to the 
right Hand of the 356, makes 3566 for the Number an- 
ſwering to the Logarithm in the Operation. But now, the 
Index of the Logarithm being only 1, therefore of the 3566 
there muſt be only two Places Integers; whence I conclude 
35.65 is the Length of the Perpendicular BC: And, to 
meaſure this from the diagonal Scale, place one Foot of the 
Compaſſes at A, and extend the other to B; which Extent 
will reach on the diagonal Scale from where the ſixth 
Parallel croſſes the Diviſion marked 3, to the fifth of the 
ſmall Diviſions at the End, and ſomewhat more, which ſhews 
it to be more than 35.6, as by the Calculation, 


Prob. 19. In the right-angled Triangle ABC, right- angled 
at B, given the Perpendicular B C 35.66, and the Angle at 
A 366 54 to find the Hypothenuſe A C, and the Baſe A B. 


Conſiruftion. Draw the Baſe-Line C 
AB at Pleaſure, on the End of which, T7 | 
by Prob. 3, ere the Perpendicular 
BC to any convenient Length : Set 
one Foot of the Compaſſes on the 
diagonal Scale at 3, and extend the 
other to 5 at the End of the Scale; 


take your Compaſſes from the Scale, and go down ſix of the 
I parallel 
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parallel 1 and extend them ſo as to touch the Point, 
where this Line, and the Line marked 5 at the End of 
the Scale, interſect; this is 35.6, which ſet off on the 
Perpendicular from 8 to C: Then, as the Angle at A. is 
362. 54, the Angle at C, being the Complement of it to 
9oe, is 53. 6“; take 60% from the Line of Chords, and ſet 
one Foot of the Compaſſes in C, and draw a Portion of an 
Arch; then take 532. 6' from the Line of Chords, and, ſetting 
one Foot of the dome aſſes where the Arch cuts the Per- 
pendicular, with the = "interſe& the Arch: A Line drawn 
from C, thro the Interſection, till it cuts the Baſe in A, 
completes the Triangle. 


Here we may obſerve, that BCi is given, and oppoſite to. 
the given Angle at A; and that the Angle B is always known. 
in a _right-angled Triangle; ; and that this is oppoſice to the 
Hypothenuſe AC, one of the Farts required. z ian be 
found by the following Proportion ; 


* 


As the Sine of the Angle at A, 360. 54 — 9.778455 


Ts to the Perpendicular BC, 35. 66, — 1.652241 
So is the Radius, or Sine of the Angle a „ 10 


— — 


11.552241 
99 —5 


To the Hypothenuſe A C, 5.4, deen --/ 4b 773786 


1 


To meaſure the Hypothenuſe, put one Foot of the Com- 
paſſes on the diagonal Scale at 5, and extend the other to nine 
of the Diviſions at the End of the Scale; take the Compaſſes 
from the Scale, go down four of the parallel Lines, and extend 
them to the Point where this Line croſſes the ninth Diagonal 
at the End of the Scale, and this will be the Nn of the 
 Hypothenuſe, if the Work is true. 


Here we are to obſerve, that the Angle A is known, and 
oppoſite to the Perpendicular, which was given; and that 
the Angle C is known, and oppoſite to the Baſe A B, the 
other Part required; ; which may be found by the following 
Proportion: | 


As 
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As the Sine of the Angle at A, 36. 54, 9.778455 


Is to the Perpendicular B C, 35.66, — 1.5 52241 
So. is the Sine of the Angle at C, 53. 6, 9.902919 


sf * 1.455 160 
9.778455 


1.676705 


To the Baſe AB, 47.5 


To meaſure the Baſe A B, ſet one Foot of the Compaſſes 
on the diagonal Scale at 4, and extend the other to the ſeventh 
Diagonal at the End ; take the Compaſſes from the Scale, go 
down to the fifth Parallel, and place one Foot there, and 
extend the other to the Point where the fifth Parallel crofles 
the ſeventh Diagonal at the End of the Scale; this is the 
Meaſure of the Baſe. And here the Reader may obſerve 


the following | 


General Rule for taking off any Number from the 
diagonal Scale. 


If it conſiſts of two Places, put one Foot of the Compaſſes 
on the Scale, to that Number which ſtands firſt to the left 
Hand in- the given Number, and extend the other Foot to the 
other Number at the End of the Scale; this is the Extent 
required, 

Example. To take 78 from the Scale, ſet one Foot of 
the Compaſſes to 7, and extend the other to the Diagonal 
marked 8 at the End of the Scale; this Extent is 78, the 
given Number. | 

If the Number conſiſts of three Places, ſet one Foot of the 
Compaſſes on the Scale, to the firſt Figure to the left Hand, 
and extend the other Foot to the ſecond Figure of the given 
Number at the End of the Scale, as before ; take the 2 
paſſes from the Scale, and go down the parallel Lines, till you 
come to the Line that has the ſame Figure againſt it at the 
End with the laſt Figure to the right Hand in your given 
Number; here place one Foot of the Compaſſes, and extend 
the other to where this Parallel croſſes the Diagonal at the 
End of the Scale which is marked with the ſecond Figure of 
your given Number; this is the Extent required. 


Example. 
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Example. To take 946 from the Scale, ſet one Foot of the 
Compaſles to q, and extend the other to the Diagonal marked 
4 on the Edge at the End of the Line; take the Compaſſes 
from the Scale, and go down to the Parallel marked 6 at the 
End; fix one Foot of the Compaſſes on this Parallel, and 
extend the other to where the Diagonal marked 4 croſſes the 
Parallel; this is the true Extent for the given Number, 
Here it is to be obſerved, that both the Diagonals and 
Parallels, for Want of Room, have only the Numbers 2, 4, 
6, 8; ſo that 1, 3, 5, 7, and , are not marked. 


Prob. 20. In the right-angled Triangle A B C, right-angled 
at B, given the Hypothenuſe A C 59.4, and the Perpendicular 
BC 35.66, to find the Baſe A B, and the Angles at A and C, 


Conſtruction. Draw the Baſe-Line 0 

AB at Pleaſure, and on the Point B 

erect the Perpendicular B C, of a 

roper Length; then take the given 

TL atoch 35.6 from the Scale, by the 

general Rule, Prob. 19, and ſet it from A. B 
B to C: Take, by the fame Rule, 

the Hypothenuſe 59.4 from the Scale, and, with one Foot 
of the Compaſſes in C, interſet the Baſe-Line ABin A; 
then draw the Line A C, and the Triangle is completed,, 
Here the Hypothenuſe is given, and oppoſite the right 
Angle; and the Perpendicular B C is alſo given, which is 
oppoſite the Angle A, one of the Parts required; which may 
be found by the following Proportion : | 


As the Hypothenuſe A C, 59.4. — 1.773786 


Is to the Radius, or the Sine of the Angle at B, 10. 
So is the Perpendicular B C, 35.66, _ 1.552241 


. 11.552241 
1.773786 


To the Sine of the Angle at A, 36%. 5, 9.778455 


The Angle at A may be meaſured by Prob. 9. 
Now, the Angle at A being found, and oppoſite to the 
given Perpendicular B C, the Baſe A B, oppoſite to the Angle 
Ff | C 53? 
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C 53*.6', the Complement of A, may be found by the fol- 
lowing Proportion, as in the laſt Problem : 


As the Sine of the Angle at A, 36% 54, — 9-77 8455 


Is to the Perpendicular B C, 35.66, 


1.552241 


So is the Sine of the Angle at C, 53˙. 6, 9.902919 


To the Baſe A B, 47.5, 


— 


1.45 5 160 


9.778455 


— 


1.676705 


Which may be meaſured by the general Rule, Prob. 19. 


Prob. 21. In, the right-angled Triangle A B C, right- 
angled at B, given the Hypothenuſe A. C 59.4, and the Angle 
at A 36%. 54, to find the Baſe A B, and the Perpendicu- 


lar B C. 


Conſtruction. Draw a Baſe-Line at 
Pleaſure, as before, and, from the 
Point A, ſet off the given Angle 
360. 54 from the Line of Chords, by 
Prob. 8; draw the Hypothenuſe A C 
to a convenient Length, and, from the 
diagonal Scale, by the general Rule, 


C 


» 
>> 


B 


Prob. 19, take 59.4 in the Compaſſes, and ſet it from 
A to C; from the Point C let fall a Perpendicular to 
the Line AB, by Prob. 4, Caſe 2, and the Triangle is 


completed. 


Here the right Angle, which is always known, is oppoſite 
the given Hypothenuſe; and the Angle at A is given, and 
oppoſite the Perpendicular, one of the Parts required; which 


may be found by the following Proportion: 


As the Radius, or Sine of the Angle at B, 


Is to the Hypothenuſe AC, 59.4, 


So is the Sine of the Angle at A, 36% 54, 


To the perpendicular B C, 35.66, 


Which may be meaſured by the general Rule, Prob. 19. 


IO, 


_ 


— Uà— 


9.778455 


1.773786 


1.552241 


90. 00 
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900. o 05 
36 . 54 Angle at A. 


[7 


53 6 Angle at C. 


In this Proportion, the firſt Term, being the Radius, is 
ſubtracted, by omitting ten in the Index of the Sum of the 
ſecond and third Terms. And, for finding the Baſe, having 
the right Angle oppoſite the Hypothenuſe, and the Angle at 
C 53%. 6“ oppoſite the Baſe A B, the other Part required, uſe 


the following Proportion: 


As the Radius, or Sine of the Angle at B 10. 


nd 


Is to the Hypothenuſe A C, 59.4, —— 1.773786 
So is the Sine of the Angle at C, 53% .6', — 9.902919 


To the Baſe AB, 47.5, 


Which may be meaſured by the general Rule, Prob. 19. 
The Radius, being here the firſt Term, is deducted, as in the 
laſt Proportion. 


Prob. 22. In the right-angled Triangle AB C, right-anghd 
at B, given the Baſe AB 47.5, and the Angle at A 36*. 54, 
to find the Hypothenuſe A C, and the Perpendicular B C. 


Conſtruction. Draw a Baſe-Line AB C 
at Pleaſure, and from the Scale, by 
the general ule, Prob. 19, take 47.5, 
which ſet from A to B; then, by 
Prob. 8, make an Angle of 360. 54 | 
at A, thro' which draw the Hypo- A B 
thenuſe AC to a convenient Length ; So, | 
laſtly, raiſe a Perpendicular on the Point B, by Prob. 3, to. 
interſect the Hypothenuſe in the Point C, and the Triangle 
is completed, 6. 


1.676705 


9. O : 
36 . 54 Angle at A, 


53 . 6 Angle at C. 


The Angle at C is oppoſite the given Baſe, and the right 
Angle, which is always known, is oppoſite the Hypothenuſe 
A C, one of the Parts required; whence, 
| As 
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As the Sine of the Angle « at C, SP + 6', — 9.902919 


Is to the Baſe A B, 47. 55 —— I 676694 

So is the 8 or Sine of the Angle at B, 10. 

ubas 11.676694 
. 22 


To the Hypothenuſe A c, 59 r 1773775 


— 5 we have the ſame Angle C de the given Baſe as 
before, and the given Angle A oppoſite the Perpendicular B C, 
the other Part required ; therefore, 


As the Sine of the Angle at 2 i 53%.6', 11. 9.902919 


Is to the Baſe A B, 47-5, — mm — bf lp Fe 676694 
80 as ihe * of the _—_ at M ww 54, 9. 778455 
| | 11.455149 

9992959 


To the Perpendicular B C, 35. 66, ; — . "1.552230 


The Hypothenuſe and Ferpeadloulir may be meaſured by 
the general Rule, Prob. 19. 


Prob. 23. In the right-angled Trice ls: A B C, right-angled 
at B, given the Perpendicular B C 35.66, and the Angle 
at C 532.6", to find the Hypothenuſe A C, and Baſe A B. 


Canſtruction. Draw a Baſe-Line at 
Pleaſure, and on the Point B erect a 
Perpendicular, by Prob. 3; from the 
diagonal Scale, by the general Rule, 
Prob. 19, ſet off 35. 66 from BtoC; 
then, by Prob. 8, make an Angle at 
C of 539. 6“, thro which draw the 
Hypothenuſe A C, till it interſects the Baſe AB in the * 
A, and the Triangle: is completed. 


90. O0 | 
83 r 


6 


36 , 57 Angle at A. 


The ” 
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The Angle at A is oppoſite the given » BC. 
and the Angle at B is oppoſite to the * A C. one 
of the Parts required; therefore, | 


As, the Sine of the Angle at A,. 5s A 9.778455 


Is to the 8 B | 35.6 N ay 552181 

zan Nin or Sine of the «Wi IQ; 2 

Nen A” 7 oh „* * * 
or An 2k wi 8 9.778455 


— 


— — 2 — — — 


To the e AC, 59.4. 1.773726 
The Hypothenuſe may be meaſured by the general Rule, 


Prob. w— 
Now we have the right Angle at B oppoſtte the Hypo- 
thenuſe found by the former © ropartion, and the Angle at 


4 


As the Radius, — — 5% 1g IO, 


Is to the Hypothenuſe, 59. 4, 1.773786 
| Bo is the Sine of the Angle at C, 53“. 6, 9.902919 


To the Baſe A B, 47.5. 1.676705 


Which may be meaſured by the general Rule, Prob. 19. 
The firſt Term being the Radius, I omit ten in the Sum of 
the ſecond and third Numbers, as at Prob. 21. | 


Prob. 24. In the rihe-angled Triangle A B "a. right-angled 
at B, given the Baſe A B 47.5, and the Angle at C 530. 6 
to 221 the Hypothenuſe A C, and Perpendicular B C. i 

90? ., oo 
53 6 Angle at C. 


aa is 


"th 54 Angle at A. 


Confirudtion. Draw the Baſe- Line C 
AB at Pleaſure; take 47.5 from the [oy | 
Scale, by the general Rule, Prob. 19, 
and ſet from A to B; and on the 
Point B erect a Perpendicular, by | 
Prob, 3, to any convenient Length ; A 1 B 
then make an Angle at A of 36% 54, | | 
the Complement of the given Angle C, by Prob, 8, and draw 

the 


« <a — — —— — 
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the Hypothenuſe A C till it intereſects the Perpendicular in C, 

and the Triangle is completed, | N ** 
Here is given the Angle C, and the Baſe A B oppoſite to it ; 

and the right Angle B, which is always known, is oppofite 


the Hypothenuſe A C, one of the Parts required; whence, 


As the Sine of the Angle at C, 53%.6', — 9.902919 


—— 


Ils to the Baſe A B, 47.5, — - _1x.676 
So is the Radius, or Sine of the Angle at B, 10. 
| 11.976694 
9.902919 


2 


To the Hypothenuſe A C, 59.4. — | 1.773775 


No we have the right Angle at B oppoſite the Hypo- 
thenuſe found by the laſt Proportion, and the Angle at A 


360. 54 oppoſite the Perpendicular B C, the Part required; 
whence, | | | 17 
As the Radius, man em an 10. 


Is to the Hypothenuſe A C, 59.4, — 1.77 3786 


So is the Sine of the Angle at A, 36. 54, 9.778455 


To the Perpendicular B C, 35.66, 1.552241 


Here the Radius being the firſt Term, ten is omitted in the 
Index of the Sum of the other two Terms, as at Prob. 21. 
And the Hypothenuſe and Perpendicular may be meaſured by 
the general Rule, Prob. 19. | 


Prob. 25. In the right-angled Triangle A B C, right-angled 
at B, given the Baſe AB 47.5, and the Perpendicular B C 
35.66, to find the Angles A and C, and the Hypothenuſe A C. 


Conſtruttion, Draw a Baſe-Line A B 
at Pleaſure ; take from the diagonal 
Scale 47. 5, by the general Rule, Prob. 
19, and ſet from A to B; at B erect 
a Perpendicular B C, on which, by 
the ſame Rule, lay 35.66 from B to eu 
C; then draw the Hypothenuſe A C, 


and the Triangle is completed. 
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In this Caſe the Learner will obſerve, that there are no 
two oppoſite Parts known; the Hypothenuſe A C, oppoſite 
the right Angle at B, being unknown, as are the two Angles 
A and C, oppoſite the given Sides : Hence this can't be ſolved 
by the general Rule, Page 212; but may be ſolved by the 
following Proportion : 


As the Baſe AB, 47.5, — — 1.676694 


Is to the Radius, — — 10. 
So is the Perpendicular B C, 35.66, — 1.552181 


71.552181 
1.676694 


To the Tangent of the Angle at A, 369.54, 9.87 5487 


Having found the Angle at A oppoſite the given Perpen- 
dicular, we have the right Angle at B oppoſite the -Hypo- 
thenuſe, the other Part required ; which may be found as in 
Prob. 23; thus, | 


As the Sine of the Angle at A, 36%. 54, 9.778455 


Is to the Side B C, 35.66, 1.552181 
So is the Radius, or Sine of the Angle at B, 10. 


* —— 


11.552181 
9.778453 


To the Hypothenuſe A C, 59.4, — 1.773726 


The Hypothenuſe may be meaſured by the general Rule, 
Prob. 19. And, ſubtracting 36* . 54, the Angle at A, 
from 90, it leaves 53* , 6* for the Angle at C, both which 
may be meaſured by Prob. . | 


O21:que 
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Oblique "Phan T; rigonometry. g 


| The five Caſes of e * are folved by the 
three following Rules. | 


When the Sides and ans; are oppoſite : 


Rule 1. As in right-angled Triangles. 


24s the Sine of any Angle 
ls to its oppolite Aide, 
So is the Sine of any other -Kiigh | 
To its oppoſite Side: 


Or, 
As any one Side 1 
Is to the Sine of its oppoſite Angle, I 
So is any other Side 
To the Sine of its oppoſite Angle. 


Rule 2. When any two Sides with the Angle between 
them are given. | 


As the Sum of any two Sides 

Is to their Difference, 

So is the Tangent of the Half Sum of the two oppollte Anples 
To the Tangent of Half the Difference of thoſe two * 


Which Half- Difference, being adeed to the Half-Sum, gi 
the greater of the two Angles; and, being ſubtracted — 
the Half-Sum, leaves the leſs of the two unknown Angles. 


Kule 3. When the three Sides are given to find the 1 


Ass the Baſe of any Triangle 

Is to the Sum of the other two Sides, 

So is the Difference of thoſe Sides | 

To the Difference of the two Segments of the Baſe, ands by 
letting fall a Perpendicular to the Baſe from the Angle or N 
to it. 


The Learner being now a little uſed to this Sort of Pro- 
portions, it will be proper to ſhew him how to perform them 
without ſubtracting the firſt Number from the Sum of the 
ſecond and third ; which is done by ſetting down the arith- 


metical Complement of the firſt Term inſtead of the Logari _ 
his 
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This may be readily done thus: Subtract the firſt Figure of 
the Logarithm to the right Hand from 10, and ſet down the 
Remainder; then ſubtract each of the other Figures, Index 
and all, from q, ſetting down the Remainders, and place a 
Dot before the Index, as in the Caſe of the Logarithm. Thus 
the arithmetical Complement (uſually marked Co. Ar.) of the 
Logarithm 9.778455 is 0.221545 3 and ſa of any other. 
When the arithmetical Complement of the firſt Term is uſed 
inſtead of the Logarithm, add all the three Numbers together, 
and reject ten out of the Index of their Sum, as in thoſe Caſes 
where the Radius is the firſt Term. | 


Prob. 26. In the oblique-amgled Triangle AB C, given the 
Angle A 369, 40“, the Angle at C 60. 51', and the Baſe 
AC 85.6, to find the other two Sides. | 


Confirufion, Draw the Baſe AC | B 
at Pleaſure, and ſet off from the 
diagonal Scale, by the general Rule, 
Prob. 19, the given Length 85.6, 
row. A to C; then, by Prob. Fo N | 
make an Angle of 36. 40” at A, — — 6 
and an Angle of 605 51“ at C, A C 


and the Meeting of theſe two Lines in B completes the 
Triangle. 5 . = 
When two Angles of any Triangle are given, their Sum, 
being ſubtracted from 180%, leaves the third Angle. "Therefore, 
in this Caſe, 97. 31, being ſubtracted from 180, leaves 
829. 29“ for the Angle at B: Hence we have the Angle at 
B oppolite the given Baſe, and the Angles at A and C oppoſite 
the two required Sides; which may be found by the firſt Rule, 
as follows: 3 | Tx | 


As the Sine of the Angle at B, 82* 29', Co. Ar. 0.003748 
Is to the Baſe A C, 85.6, — 1.932474 
So is the Sine of the Angle at A, 36%. 40, — 9.776090 
To the Side B ©, 51.55, — — I. 


As the Sine of the Angle at B, 82. 29, Co. Ar. 0.003748 
Is to the Baſe A C, 85.6. — 1.932474 
So is the Sine of the Angle at C, 60%. 51, — 9.941187 
To the Side A By-75.4, —— — 1.877409 
The Sides BC and A B may be meaſured by the general 
Rule, Prob, 19. 

| G g But 
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But in this Caſe, of two Angles and the included Side given, 
if the included Side is not the Baſe, it will make ſome Di 
ference in the Conſtruction; therefore, in the Tr langle ABC, 
the Angle at A 36. 40“, the Angle at B 80*. 29, and the 
Side A B 75.4 given, to find the other two Sides. 

Conſtruction. Draw the Baſe A C 
at Pleaſure, and on any Point aſ- 
ſumed, as A, make an Angle of 
369. 48“, by Prob. 8; take 75.4 
trom the diagonal Scale, by the | 
general Rule, Prob. 19, in the A CO 
Compaſſes, and ſet it from A to | 
B; then, by the ſame Prob. 8, make an Angle of 82. 29” 
at B, and draw BC till it interſects the Baſe in C, and 
Triangle is completed. | | 

Here we have two Angles given, whoſe Sum, being fub- 
trafted from 180%, gives 60. 51” for the Angle 1 8, by 
which the unknown Sides may be found by 2 firſt Rule, 


as follows: 


As the Sine of che Angle at C, 60% 51, Co, Ar, o. e588 13 


Is to the Side A B, 75.14. 1.877371 

So is the Sine of the Angle at A, 36. 40 ũ ꝶ. 9.775090 

To the Side B C, 51.55, 8 — 1.712274 
| And, | 


As the Sine of the Angle at C, 60?. 51, Co. Ar. 0.058813 
Is to the Side A B, 75.4, — — 1.877371 
So is the Sine of the Angle at B, 829. 29,, — 9.996252 
To the Baſe A C, 85.6, —— — 17934436 
The Side B C and Baſe A C may be meaſured by the general 
Rule, Prob. 19. | 


Prob. 27. In the oblique-angled Triangle A B C, given the 
Baſe AC 85.6, the Angle at B 82“. 297, and the Angle C 
60. 51”, to find the other two Sides. 

Conſtruction. Draw the Baſe AC, B 
and from the diagonal Scale ſet off 
85.6 from A to C; at C, by Prob. 
8, make an Angle of 60. 51; 
then the Angle at A, being the 
Supplement of the Sum of the other A 
two Angles to 180, will be | 
36*. 40 ; by the ſame Prob. 8, make an Angle of 36*. 49 

at 


— 
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at A, and draw the Line AB *till it interſedts CB in the 

Point B, and the Friangle is complet. ; 

| Here having the Angle B oppoſite the known Side A C, 

and the Angles A and C oppoſite the required Sides, they may 
be found by the firſt Rule, as follows : 


As the Sine of the Angle at B, 82. 290, Co. Ar. 0.003748 


Is to the Baſe A C, 85.6, —— 1932474 
So is the Sine of the Angle at A, 36% 40, — 9.776090 
To the Side B C, 51.555 — St 1.712312 
As the Sine of the Angle at B, 82. 29, Co. Ar. 0.002748 
Is to the Baſe AC, 85.6, — 1.932474 


80 is the ine of the Angle at C, 60. 51, — 9.941187 


To the Side A B, 75.4, — — 1.877409 


The Sides BC and AB may be meaſured by the general 
Rule, Prob. 19. | 


In this Caſe, of two Angles and an oppoſite Side given, if 
the given Side is not the Baſe, the Conſtruction will be ſome- 
what different; therefore, in the oblique-angled Triangle 
ABC, given the Side BC 51.56, the Angle at A 967, 40%, 
and the Angle at C 60. 5, to find the other Sides. 


Conſtruction. Draw the Baſe A C 5 

at Pleaſure, and on any Point al- | 

ſumed, as C, by Prob. 8, make an 

Angle of 60. 5r” by the general 

Rule, Prob. 19, ſet off 51.56'from . 

C to B; at B, by the ſame Prob, 8, A OC 

make an Angle of 82*. 29', the | 

Supplement of the two given Angles to 180% and draw BA 
till intetſects the Baſe in A, and the Triangle is completed. 


A 
A— 


Here we have the Angle A oppoſite the known Side B C, 
the Angle C oppoſite the Side A B, and the Angle B, the 
Supplement tof the other two to 180®, oppolite the Baſe A C, 
the other unknown Side; which may be both found, as in th 
former Example, by the following Proportion: 3 


G g 2 =_— 


| 
| 


As the Sine of the Angle at A, 36. 400, Co. Ar. 0.223909 


Is to the Side B C, 51.55, — 1.712229 

So is the Angle at C, 60. 517, = + 187 

To the Side A B, 15-49 — I. 877325 
And, 8 

As the Sine of the Angle at A, 369. 40, Co: Ar. 0.223909 

Is to the Side B C,-51.55, — 1.712229 


So is the Sine of the — at B, 82%. 29, — 9996252 


2 


To the Baſe A C, 85.6, —— — 1.932390 


The Side A B and Baſe A C = be e by the +4 2204 
Rule, Prob. 19. 


Prob. 28. In the obligue-angled Triangle A B C, given the 
Side BC 51.56, the Site AB 75.4, and the Angle at A 
36. 40”, to find the Baſe AC, and the Angles at B and C. 


Conftrufion. Draw the Baſe AC B 
at Pleaſure, and on any Point aſ- 

ſumed, as A, by Prob. 8, make an 
Angle of 36% 403 take 75.4 
from the Scale, by the general 
Rule, Prob, 19, and ſet from A A 
to B; then take 5 1.56 from the ; 

Scale, and ſet one Foot of the Compaſſes in B, and with the 
other interſect the Baſe in C; laſtly, draw BC, and the 
Triangle is completed, 


Here we have the Side B C oppoſite the known Angle at A, 
and the Side A B oppoſite the unknown Angle at C, which 


may be found by the following. Ha according to the 
firſt Rule: ; 


As the Side B C, 51.55, — Co. Ar. $a$5750 
Is to the Sine of the Angle at A, 36* .40', — 9.776090 
So is the Side AB, 75.4, — — 1.877371 


To the Sine of the Angle at C, 60. 51', — 9. 941231 


Having found the Angle at C, the Angle at IF is found to 
be 82, 29“, by ſubtraing the Sum of the other two Angles 


from 180% both which * be meaſured by Prob. g ; then, 
for the Baſe A C, Z 
O 
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As the Sine of the Angle at A, 36. 40“, Co. Ar. o. 223910 
Is to the Side B C, 51.55, ; I.712229 
So is the Sine of the Angle at B, 82%. 29, — 9.996252 


To the Baſe A C, 85.6, | — | 1.932.391 


The Baſe A C may be meaſured by the general Rule, 
Prob. 19. 


But here it is to be obſerved, that this Caſe, where two 
Sides and an Angle oppoſite one of them are given, is an 
ambiguous Caſe, and admits of two Solutions, unleſs, as in 
theſe Examples, the Side oppoſite the given Angle is longer 
than the other given Side: This will appear by the Con- 
ſtruction: For, if, in the Triangle AB C, the Baſe AB 45.3, 
the Side BC 34.6, and the Angle at A 40%. 20', were given 
to find the Side A C, and the two Angles B and C, it admits 
of two Solutions. "15 aff f 


Conſtruction. Draw the Baſe AB, 
and ſet off 45.3, by the Scale, from Cc. 
A to B; then, by Prob. 8, make A 
an Angle at A of 40. 200, and 
draw the Line A C to a convenient 
Length; take 34.6 from the Scale, A 
by the general Rule, Prob, 19, in By 
the Compaſſes, and ſet one Foot in B, and with the other 
interſect the Line A C, which it will do both in C and D; 
whence it becomes uncertain whether the Side AD or AC 
is the true Solution, which can only be determined by the Cir- 
cumſtances of the Triangle: For, if the Angle at C was to 
be acute, it will be the Side AC; but, if the Angle was to 
be obtuſe, as the Angle D in the Triangle AD B, then AD 
would be the Side ſought. | * 


Prob. 29. In the oblique-angled Triangle A B C, given the 
Side AB 75.4, the Baſe A C 85.6, and the included Angle at 
A, to find the other two Angles B and C, and the Side B C. 


Conflruttion, Draw the Baſe-Line 
AC at Pleaſure, and from the dia- 
gonal Scale ſet off 85.6 from A to 
CJ; make an Angle at A of 369.40, 
by Prob. 8, and draw A B; then 
take 75. 4 from the Scale, and ſet it 
from A to B; laſtly, draw the Line 

BC, and the Triangle is completed. 
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Here we have given the two Sides A C and AB, with the 
Angle included between them; and, therefore, this Caſe can- 
not be done by the firſt general Rule, as neither of 1 
is oppolite the given Angle; but muſt be ſolved by the 
ſecond Rule, Page 224. Now, as the three Angles of every 
Triangle are equal to two right Angles, or 180, the Angle 
at A 36%. 407%, being ſubtracted from 180%, leaves 143 20's 
the Sum of the two unknown Angles B and C, Half of which 
is 71. 40“; and Half their Difference may be found by the 
following Proportion, according to the ſaid fecond Rule: * 


As the Sum of the two Sides, 167, Co. Ar. 7.793774 
Is to their L 10. 2, — 1. 08600 
So is the Tangent of the Halt Sum wy the 

unknown Angles, 7. 400, * 10.479695 


ä VO... ” ® WE 


To the Tangent of Half their Difference, 107 x” 5 9.281469 


If to the Half-Sum of the unknown — 0 B and C Half 
their Difference is added, the Sum is the greater Angle; and, 
if from the Half. Sum the Half- Difference is ſubtracted, the 
Remainder is the leſſer of the two unknown Angles : | 


71* . 40 Half. Sum. 
10 . 49 FHalf- Difference. 


82 29 greater Angle. 
60 51 leſſer Angle. 


Now, becauſe the greateſt Side is always oppoſite to the 
greateſt Angle, the Angle at B muſt be greater than the Angle 
at C: And, having found the two Angles B and C, the Side 
B C may be found by the following Proportion, as at Prob. 27: 


As the Sine of the Angle at B, 82%. 20, Co. Ar. 0.003748 - 
Is to its oppoſite Side A C, 85. 6, — 1.932474 
So is the Sine of the Angle at A, 36% 40, — 9.941187 


.. 


To its oppoſite Side B C, 51. 56, — 1.877409 


Which may be meaſured by the general Rule, Prob. 19; 
and the Angles B and 0 may be meaſured by Prob. 9. 


Prob. 
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Prad. 55 In the obligue-angled Triangle A B C, given the 
Side A B 75.4, the Side BC 51.56, and the Baſe A C 85.6, 
to find the Angles. | | 


Conſtruction. Draw the Baſe AC, B 
and ſet off 85.6 from A to C; take 

5.4 in the Compaſſes, and ſet one 

oot in A, and with the other draw 
an Arch; then take 51.56 from the 
fame Scale, and ſet one Foot of the A\ \ 0 
Compaſles in C, and with the other © . — 
Interſect the former Arch in B; from B draw Lines to A and 
C, and the Triangle is completed. 

Here being no Angle given, this Problem muſt be ſolved by 
the third Rule, in the following Manner: Place one Foot of 
the Compaſſes in B, and extend the other ſo as to take in the 
ſhorteſt Side B C, and draw the Arch CE; from B let fall 
a Perpendicular on. the Baſe A C, which will divide it into 
two Segments, C D the leſs, and A D the greater, whoſe Dif- 
ference is AE ; then by the following Proportion, according 

to the ſaid third Rule, | 


As the Baſe A C, 85.6, ——— _ Co. Ar. 8.067526 
Is to the Sum of the two Sides, 126.96, 2.103667 
So is the Difference of the Sides, 23.84, —— 1.377306 


To the Difference of the Segments of the Baſe, 


or AE, 35.359, — — c 1.548499 


Half the Difference of the Segments, being added to Half the 
Baſe, gives the greater Segment A D; and Half the Difference, 
being ſubtrafted from Half the Baſe, gives the leſſer Seg- 
ment CD: BY 
42.8 Half the Baſe. Hrs. 
17.679 Half the Difference. 


| 60.479 greater Segment AD. 
25.12 leſſer Segment CD. 


Or thus, The Baſe AC is — 85.6 
Subtract AE — 35.359 


Remains EC —— 50.241 
And 
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And as ED is equal to DC, therefore the Half of 50.24, 
or 25.12, is D C, the lefler Segment: And as ED is the 
ſame as DC, that is, —— — 25.12 

If to that we add AD, or — 35.359 


The Sum is AD, the greater Segment, — 60. 479 as before, 


Thus is the oblique-angled Triangle A B C divided into two 
right-angled Triangles, ABD and CBD, both right-angled 
at D, in each of which are given the Baſe and Hypothenuſe to 
find the other Parts, which may be done in the following. 
Manner: Firſt, for the Angle at B in the right-angled 
Triange A B D, 


As the — AB, 75.4, — Co. Ar. 8.122629 
Is to the Radius, — — 10. 
So is the Baſe A D, 60. 48, — 1.781612 


To the Sine of the Angle at B, 53. 20, — 9.904241 
The Angle at A is 369. 40“, being the Complement of 
the Angle at B to 9o“. 

Then for the Angle at B in the right-angled Triangle CBD, 
As the Hypothenuſe B C, 51.56, — Co. Ar. 8.287770 


Ils to the Radius, —— —— — 10. 


So is the Baſe D C, 25. 12, 1.400020 


— 


To the Sine of the Angle at B, 299. 9, oy 9.687790 


Whence the Angle at C is 60. 51', the Complement of 
29% to 9o“; and the Angle at B in one Triangle, being 
added to the Angle at B in the other, is 82*. 290: The 
Angle at B in the oblique-angled Triangle A B C and the 
Angles at A and C being found before, the Solution of the 
Problem is finiſhed. 

To prove the Truth of the Calculation, the Angles may be 
meaſured by Prob. g. | 


Having, in this plain and eaſy Manner, explained to the 
Reader how to conſtruct the Triangles from the Parts given, 
and to find the required Parts by Calculation, I fhall now ſhew 
the Uſe and Application of Trigonometry, and firſt in finding 
the Multipliers for computing the Areas of regular Polygons, 
as was promiſed in Art. 60, A. 
rob, 


* 
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Prob. 32. To find the Area of any regular Polygon. 

Rule, Firſt find the Center of the Polygon, (which may 
readily be done by Prob. 17) and draw Lines from the Center 
to each Angle of the Polygon ; thus will the given Polygon 
be divided into as many equal Triangles as there are Sides: 
A Perpendicular, being let fall from the Center to the Middle 
of one of the Sides, will divide the Triangle into two right- 
ng Triangles, in which will be given the Angles and one 
Side to find the other Side, which may he done by Prob, 19 
or 243 and then the Area may be found by Art. 56. 


Exam. 1. The Side of the Hexagon ABCDEF being 10, 
to find the Area? 3 A 
Divide 360, the Degrees in a B © 
Circle, by the Number of Sides in 
the given Polygon, and the Quo- 
tient is the Angle at the Center of 
each Triangle, which in this Ex- A 
ample is 60 the Half of which 
is the Angle FOG 30. In 
the right-angled Triangle F O G, S | 5 
right-angled at G, whoſe oppoſite F | E 
Side F G is 5, being Half the Side 
F E, to find the Perpendicular G O, oppoſite the Angle at 
F Go, being the Complement of the Angle at O to 90. 
As the Sine of the Angle at O, 305 Co. Ar. o. 30 1030 


Is to the Side FG, 5, — 0.698970 
So is the Sine of the Angle at F, 60% — 9.937531 


_— 


To the Perpendicular G O, 8.66025, — 0.937 531 


Having found the Perpendicular G O, if that is multiplied 
by the Side FG, the Product will be double the Area of 
the Triangle FOG, by Art. 56, that is, it will be the 
Area of the Triangle FO E, which, being multiplied by 6, 
gives the Area of the given Hexagon. 


8.66025 the Length of GO. 
| 5 the Length of F G. 


43-30125 Area of the Triangle FO E. 
| 6 | 


259.807 co Area of the Hexagon, 
39-9075 H þ 8 This 
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This is the Area of an Hexagon whoſe Side is 10; therefore, 
to find the Area of an Hexagon whoſe Side is 1, the Pro- 
portion muſt be, As the Square of 10 is to the Square of 1, 
fo is the Area of the given Hexagon to the Area of an Hexagon 
whoſe Side is 1; ſince all fimilar Figures are as the Squares 

of their Sides. | 72 9 


As Too is to 1, fo is 259:8075; 


100) 259.8075 (2.598075 the Multiplier fot finding the 


Area of an Hexagon in the Tabk, Art: 60. 

Thus the Area of any regular Figure, whoſe Side is 1, 

being found, is a Multiplier, by which the Square of the Side 

of a like Figure being multiplied, the Produ is the Area of 
the Figure ſought. : 


Exam. 2, The Side of the Pentagon AB CD E being 16, 
to find the Area ? | * 

For the Angles at the Center, 
360 being divided by 5; the Num- 
ber of Sides, give 72, the Half of 
which is the Angle DO F 369, 
whoſe Complement to 90 is the 
Angle O DF 54% therefore, in 
the right - angled Triangle DO F, 
right-angled at F, are given the 
Side D F 5, and the Angle at D 4 
54, to find the Perpendicular FO, * F C 
oppoſite the Angleat D: Whence, 


As the Sine of the Angle at O, 36%, Co. Ar. 0.240781 
Is to the Side DE, 5, 0.698970 


So is the Sine of the Angle at D, 54% — 9.907958 


—— 


To the perpendicular F O, 6.88191, — 0.837709 


Which, being multiplied by the Side DF 5, gives the 
Area of the Triangle DOC; and that, being multiplied 
by 5, the Number of Triangles, gives the Area of the 
Pentagon : 

6.88191 Length of F O. 
5 Length of D F. 
34-40955 Area of the Triangle DOC. 
5 


172.94775 Area of the Pentagon, Now, 


— 


2 


Now, 45 100, the Square of 10, the given Side, is to the 
* of 1, ſo is the Area of the given Pentagon to the Area 
of a Pentagon whoſe Side is . | 


As 100 is to 172.04775- 


oo) 172. o 1.720 the Multiplier for the Pentagon 
eee in the Table, Art. 60. 


In the next Place, I ſhall ſhew the Uſe of Trigonometry in 
meaſuring the Heights of Objects, or the Diſtance between 
them, | 7 


Prob. 32. 75 meaſure the Height of the Tower AB, 


At any convenient Diſtance 
from the Tower A B, as at 
C, with a Quadrant take 
the Angle to the Top of the 
Tower, which let be 37%. 30; 
meaſure the Diſtance C D, 
which let be 39.7 Feet; and, 
when you have taken the 
Angle at C, meaſure how 
high the Center of the Qua- 
drant was from the Ground, 
which let be 5.6 Feet, 


To cenſtruft the Figure: Draw the Line C D at Plea- 
fare, and ſet off the meaſured Diſtance 39.7 from your Station 
at C to the Tower; at C make the given Angle 379. 30', 
by Prob. 8, and draw CB; at D erect the Perpendicular 5 B, 
till it meets the Hypothenuſe in B, and continue it downward 
to A; make D A 5.6 Feet the Height of the Center of the 
Quadrant; draw Cc parallel and equal to D A, and draw 
6A equal to C D, 'till it meets B D continued in A; thus 
will A B be the Height of the Tower. . | 

Now, in the right-angled Triangle CB D, there is given, 
beſides the right Angle, the Baſe CD 39.7 Feet, the Angle 
at C 37. 30“, and the Angle at B, the Complement of 
37? . 30 to 90%, viz, 522. 30“, to find the Side BD, op- 
polite the Angle at A; which may be found by the following 
Proportion : 


I H h 2 | As 
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As the Sine of the Angle at- B, 300, Co. Ax. 6.160533 
Is to the Side C 5. 30 75 9 | 1.598790 
So is the Sine of the 11 at A, 375 30, — 9. 794447 


To the Side BD, 30. 46, - 1.483770 


To which adding the Height of the Center of the Quadrant, 
5.6, it gives 36. 05 Feet for the r of the Tower A B 
trom the Ground: | 


30.46 B D, by Cileclatlon. | 

5.6 Cc, the meaſured Height of the Quadrane, 
| * to D A. 
36060 Height of the Toer. i 


— 


Prob. 33. Having the Height of any given Object, A B 59.4, 
Net, to meaſure how fur it is to a Tree at C, growing on the 
ſame Level with the Baſe of the given Object. 


Keep the Center of the Quadrant | 
even with the Top ef the Object, | B 
and meaſure the Angle B 51 45, 
5 the Angle C, being the Com- f | 
ment of it to go®, will be | 
389. 15%; ſo that we have given 
S Angle C, oppoſite the known & A 
Side A B, and the Angle B, to find 8 
the Side C A. 


Conflruftion. Draw the Baſe-Line C A at Pleaſure, on 
which, at any Point, as A, erect A B perpendicular to C A; 
lay 59.4 from A to B, by "the general Rule, Prob. 19 ; at B 
make an Angle of 51.45, by Prob. 8, and draw BC, which 
completes the right-angled Triangle C A B. Then, 


As the Sine of the Angle at C, 38. 15', Co. Ar. 0.208244 
Is to its oppoſite Side A B, 59.4, | 1.773786 
So is the Sine of the Angle at B, 351.45, — 9.895045 


— — — — 


To the Side Ca, or Diſtance of the Object, 7 5. 35» 1.877075 


Prob. 34. Ta meaſure the Height of an inacceſſ ble 05 ect, AB; 
that is, where the Diſtance between the Station and the Boſe of 
the Olject cannot be meaſured, 


"© 
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At any convenient Diſtance, as 
at C, an the ſame Plain with the 
Obſect, meaſure the Angle at C 
to the Top of the Obſect, which 
let be 319. 25; then meaſure 
the Height of the Center of the 
Quadrant from the Ground, which 
ſuppoſe 4.9 Feet; and then mea- 
ſure, in a right Line from C to 1 
wards the Object, any convenient Diſtance, as CD, which 
ſuppoſe 36.5 Feet; here, holding the Quadrant the ſame 
Height as before, meaſure the Angle D to the Top of the 
Odject 52. 10. dds 3 indy Here d | yy 
 Conflruttion, Draw the Baſe-Line C E at Pleaſure, on 
which lay 36.5 from C to D; at C, by Prob. 8. make an 
Angle of 31. 25, and draw CB at Pleafure; at D make 
an Angle of 52, 10“, and draw D B, meeting CB in B; 
from B let fall the Perpendicular B E; make Ce perpendicular 
to C E, on which lay 4.9; then draw c A parallel to C E, 
and continue B E *till it meets c A, and the Figure is 
conſtructed. 


Now, in the oblique-angled Triangle C B D, are known 
the Side CD 36.5 Feet, and the Angle at C 31. 25% alſo 
the obtuſe Angle CDB 1259. 50”, being the Supplement of 
the Angle B D E, or 52%. 10“, to 180? ; therefore the 
7 25 CBD is found by deducting the Sum of the other two 
rom 180“: * 


127* . 50 Angle CDB. 180 . 00” 


31 . 25 Angle BCD. 150 5 
150 . 15 a 45 Angle CBD. 


Having the Angle at B 20 45 oppoſite the known Side 
CD 36:5, and the Angle at C 31. 25 oppoſite the Side 
DB; hence, 


As the Sine of the Angle at B, 202. 45, | Co. Ar, 0.450640 
Is to its oppolite Side CD, 36.5, — 1.562293 
So is the Sine of the Angle at C, 315. 25, — 9.717053 


— 


To its oppoſite Side BD, 53.7 —— 1.729986 


f Now 
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Now we have, in the right-angled Triangle D BE, given 
the Hypothenuſe D B 53.7 oppoſite the right Angle at E, and 
N at D 52. 10“ oppoſite the required Side B E; 
therefore, OR, | 


As the Radius, — ä —— 10. 


— 


Is to the Hypothenuſe BD, 53.79, — 1.729986 
So is the Sine of the Angle at D, 52. 10, — 9.897516 


— 


Thus having found the Side B E, the Height of the Object 
above the Center of the Quadrant at the Time of Qbſervation, 
if to that is added 4.9 Feet, the Height of the Quadrant, it 

ives B A 47.31. for the Height of the Object above the 


lain c A. | 
Prob. 35. To meafure the Objeft A B above the Obje BC. 


At any convenient Diſtance, as 
at D, with a Quadrant take the 
Angle A D C, which ſuppoſe 
50. 56" ; take the Angle BDC 
389. 30“; and then meaſure the 
Diſtance from your Station at B 
to the Baſe of the Object at C, 
which ſuppoſe 48.6 Feet. 


Conſtruction. Draw the Baſe- D 
Line D C at Pleaſure; at D, by 
Prob. 8, make an Angle ADC of 50. 567, and draw A D; 
at the ſame Point D, make an Angle BD C of 38. 30“, and 
draw DB; ſet off, by the diagonal Scale, on the Baſe-Line 
48.6 from D to C; at C ere& a Perpendicular, which, being 
drawn to meet D A and D B, completes the Figure; for A B 
is the Height of the Object above BC. 


Now, in the Triangle D A C, right-angled at C, there 
are given the Angle C DA 50. 86“, the Angle at A, bei 
the Complement of that to 90®, 39% 4, and the Side D 
48.6, to find the Perpendicular A C. b 


As 
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& die Sine of the Angle at A, 39% 4, Co. Ar. 0.200505 
Is to the Side DC, 48.6, —— 1.686036 
So is the Sine of the Angle at D, 50%. 56', — 9.890093 


To the Perpendicular A C, 59.87, 1.777234 


And, in the Triangle D B C, there are given the Angle 
C DB 38f. zo“, the Angle DBC 519. 30, found by ſub- 
tracting 38. 30 from 90, and the Baſe DC 48. 6, to find 
the Perpendicular C B: 


As the Sine of the Angle at B, 51. 30“ Co. Ar. 0.106456 
Is to the Side D C, 48.6, 1.686636 
So is the Sine of the Angle at D, 38. 30, — 9.794149 


—— 


To the Perpendicular B C, 38.65, — 1.587241 


Now from 59.83 the Height of A C, 
Take 38.65 the Height of B C. 
— — (required. 


21.18 Height of A B above B C, as was 


This Object being acceſſible, that is, which could be come 
at, ſo as to meaſure the Diſtance of the Station from the Foot 
of the Object, one Station is ſufficient: But, if any Obſtacle 
lies in the Way, ſo as to make it inacceſſible, it is neceſſary 
to have two Stations, as in Prob. 34; and the Center of the 
Inſtrument ſhould be kept at the ſame Height, while each of 
the Angles is meaſured at each Station. 


Prob. 36. To meaſure the Diſtance between two Objects, 
A and B, when you can meaſure from the Station to one of 
the Objeas. 


Take a Station at a convenient 
Diſtance from the Object, as C, and C 
obſerve the Angle C 70. 56": If 
either of the Objects is acceſſible, mea- 
ſure the Diſtance from your Station to 
the acceſſible Object, as ſuppoſe C B A &N 
49.7 Feet; if you cannot meaſure to | ; II. 
the other Object A in a right Line, A B 
go to it, and take the Angle at A, 
which here will be 50. 10“, and then the Angle at B, which 
is the Supplement of the other two to 180% will be 58. 54”. 
Conſtruction. 
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' Conflrution. Draw the right Line C B, on which lay from 
the diagonal Scale 49. 7 from C to Þ ;- ar C, by Prob. 8, 
make an Angle of 70. 56, and draw CA; at B make 
an Angle of 58. = and draw B A, meeting CAin A, 
-which' conſtructs the Triangle CA B, and A B is the Diſtance 
required. 
| To the Triangle A C B, there are given the three Angles, 
and the Side C B 49.7, to find the Side AB, or r the Diſtance 
of the two Objects: Whence, 


As the Sine of the Angle at A, 50 10', Co. Ar. o. 114689 
Is to the Side C B, 49.7, — — 1.69635 
So is the Sine of the Angle at C, 70%. 56", — . 9.975496 


To the Side AB, 61.17, the Diſtance of the) 
Objects A and B. 2 74 1.786541 


Another Example. Suppoſe 1 am at C, and can n 
fram C to each of the Objects A and B, to find the Diſtance 
between the Objects themſelves. 


With the Inſtrument meaſure the << 
Angle A CB 59. 30“; and then e 
meaſure the Diftance C B 49.2 
Feet, and the Diftanee CA 51.7 
Feet. 
Conflruttion. Draw the right 
Line CB, on which lay from C to & 
B 49.2; at C, by Prob. 8, make \ 
an Angle of 5 O, and draw 
CA, which 5 6 ft 51.7 from A 'B 
O to A; then draw AB, meeting CB in B, and the Triangle 
ABC is conſtructed, AB being the Diſtance required, 

In the Triangle AC B, there are given the Side A C, the 
Side BC, and the included Angle at C, to find the Baſe A B; 
which may be done by firſt "finding the other Angle, by 
Prob. 28, as follows: 5 


51.7 40 „ 0 
49.2 | 59 - 90 Angle at C. 
— (A and B. 
190.9 Sum of the Sides. 120 . 30 Sum of the Anglcs 
n is (and B. 
2.5 Diff. of the Sides. 2 15 Half the Angles A 


Now, 
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Now, . 


As the Sum of the given Sides, 100. 9, Co. Ar. 7.996109 


Is to their Difference, 2. 55 — 
So is the Tangent of the Half- Sum of the un- 


known Angles, 60. 15”, — 


90.397940 
5 10.242948 


To the Tangent of Half their Difference, 2%. 29', 8.636997 


To 60. 15” the Half-Sum of A and B. 
Add 2 . 29 _ the Half-Difference. 


* 


2 62 44 greater Angle 8. 


57 . 46 leſſer Angle A. 
Then, 
As the Sine of the Angle at A, 5). 46, Co. Ar. o. oy 2690 


Is to the oppoſite Side B C, 49.2, — 1.691965 
So is the Sine of the Angle at C, 59%.30' 9935220 


To the Side A B, 50.14, the Diſtance of the | ; 
Objects A and 35 ; 1 5655578 


Prob. 36. To meaſure the Diſtance between an Object at 
A from any Place, as C, where, by Reaſon of ſome de, 
it cannot be come at. 


In any Place on the fame Plain 
with C „* a viſible Mark, as B, 
and meaſure the Angle ACB 
 88* . 20” 3 meaſure the Diſtance 
B C, which ſuppoſe 76.35 ; then 
with the Inſtrument take the Angle 
AB C 369. 100. B 


Conſtruction. Draw the Baſe-Line B C, on which lay 
76.35 from C to B; at C, by Prob 8, make an Angle of 
889. 200, and draw CA; — B, by the ſame Problem, 
make an Angle of 369. 10“, and draw B A, meeting C A 
in A, which — the Triangle B C A, and AC is 

the Diſtance ſought. 


1 i : ; Now, 
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Now, in the Triangle B C A, there is given 


36* . 10” the Angle at B. 180* . oo 
88 . 20 the Angle at C. 124 . 30 


——_ _— 


—_ 55 | 30 the Angle at A. 


Whence, all the three Angles and- the Diſtance B C being 
known, the Side A C, or the Diſtance of the Object A from 
C, may be found thus : | | 


As the Sine of the Angle at A, 55. 30“, Co. Ar. 0.084006 
Is to the Side B C, 76.35, - — 1.557507 
So is the Sine of the Angle at B, 36%. 10, — 9.770952 


To the Side A C, 25.85, —' 1.412465 


Of SURVEYING. 


URVEYING, or Meaſuring of Land, conſiſts in 

taking the Dimenſions of a Piece of Ground, as a Field, 

laying it down in a Draught or Map, and finding the 
Content in Acres, Roods, &c. 

The firſt Part of theſe, that is, taking the Dimenſions, 
conſiſts of two Parts; firſt, taking the Angles, and then 
meaſuring the Diſtances: To perform which ſeveral Inftru- 
ments are neceſſary, as a Plain-Table, Fheodolite, Semicircle, 
Compaſs, and a Chain, alſo a Protractor for plotting. 

The Plain- Table.is a Board, about fifteen Inches broad, 
and twelve long, encompaſſed with a Frame, jointed at the 
Corners: From a Braſs Center in the Middle are projected 
three hundred and fixty Degrees of a Circle, each Degree 
being halved, and numbered at every tenth Degree, both 
Ways, to fave Subtraction : On the contrary Side, a Semi- 
circle is uſually projected, divided and numbered in the ſame 
Manner, to one hundred and eighty Degrees, both Ways. To 
the Table is uſually. fitted a Compabs, to ſet it North or 1 

; an 
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and a Ruler or Index with Sights. The Table is fixed, by 
a Ball and Socket, to a three-legged Staff for a Stand, on 
which it may be turned round, or faſtened by a Screw. 

Of Chains there are two Sorts, each divided into one hundred 
Links, for the Conveniency of ſetting down the Links as 
Decimals of the Chain : That called Gunter's Chain is four 
Poles, or fixty-ſix Feet, in Length; the other is but one 
Pole, that is, ſixteen Feet and an Half, but conſiſts of one 
hundred Links as the other, 

A Protractor is an Inſtrument of Braſs, Silver, or the like, 
with a ſemicircular Limb, divided into one hundred and eighty 
Degrees, ſubtended by a Diameter, in which is a little Notch 
called the Center : Its Uſe is to. lay down the Angles in 


plotting a Field. 


G 


To take the Dimenſions of @ Field at one Station. 


Place the Inſtrument in any Station, as at ©, from. whence 
all the Angles may be ſeen; turn the Table about *till the 
Needle ſtands over the North and South Points of the Com- 
paſs, then ſcrew the Inſtrument. faſt, and direct the. Sights 
to the firſt Angle, A, to the right Hand of the North and 
South Line; obſerve the Degrees and Minutes contained be- 
tween 360 of the Table and the Index, which is 56? . 20" : 
Direct the Sights, in the ſame Manner, to B, and obſerve the 
Degrees and Minutes that the Index now cuts on the Table, 
which is 95 40” : In the ſame Manner, turn the Index to 
C, — ſo on to D, E, and F, and the ſeveral Angles will be 
28 under: | 


£0* . 20: 

95 40 
10.20. 

267 -. 20 
290 . 40 
341 . 10 


Now take the Chain and meaſure the Diſtance © A ſeven 
Chains and thirty Links, or 7.30.; the Diſtance OB 8.45; 
and the reſt as in the following Table, uſually called a 
Field- Book : 


T'+ 2 50. 20 
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„ 20” 7.30 
| 95 - 49 | 8.45 
170 . 10 6.54 
251 . 20 | 9.15 
290 . 40 7.47 
341 . 10 6.60 


To protract or lay down the Work, 


Draw. any right Line, as 
NS, for the North and South 
Line, any Point of which, 
as ©, aſſume for the Station; 
lay the Center of the Pro- 
tractor on this Point, turn it 
*till the Diameter of the Pro- 
tractor falls upon the North 
and South Line, and prick 
off the Angle 50%. 20”, the 
Angle 95. 40, and fo of 
the reſt; then draw the Lines 
OA, OB, OC, OD, OE, 
and OF: Now from the 
Diagonal take 7.30 for the ſeven Chains and thirty Links, and 
ſet them from O to A; do the ſame for the eight Chains and 
forty-five Links, and ſet it from O to B; and fo of the reſt: 
Laſtly, draw the Lines AB, BC, CD, DE, and E F, 
which i is the Plot or Plan of the Field. 


To find the Number of Acres it contains, 


Draw the right Lines F B, F C, and F D, which divides 
the Figure into four Triangles : Take FB in the Compaſſes, 
and apply it to the diagonal Scale, which meaſures 11.96 for 
the Baſe of the Triangle F A B; then ſet one Foot of the 
Compaſſes in A, and extend the other ſo as juſt to reach the 
Line F B without paſſing it, which, being meaſured on the 
diagonal Scale, is 3.48 for the Perpendicular of the fame 
Triangle, The other Baſes and Perpendiculars, being meaſured, 
will be as follows, for the ſeveral Triangles : 


. Baſe, 


— 


3.12 


Multiply each Baſe by its Perpendicular, and cut off five 
Figures for Decimals in the Products: Add thoſe Products 
together, and divide their Sum by 2, and the Integers in the 
Quotient are Acres; multiply the Fraction by 4, and the 
Integers in the Product are Roods; and multiply this laſt 
Fraction by 40, and the Integers in the Product are ſquare 
Poles or Perches: 


11.72 12.25 5 9.46 
3.23 8.68 7.04 3-12 
3516 9800 4900 1892 

2344 7350 85750 946 

3516 9800 — — 2838 
— — — 8.62400 — 
3.78556 10. 63300 2.95152 

3.78556 99704 
10.633 4 
8.624 | — — 
2.95152 3.988 16 
— — ö 5 40 
2) 25. 99408 — - 
— 39.5 2640 
12. 99704 


By which the Area appears to be twelve Acres, three Roods, 
and thirty- nine ſquare Poles or Perches. 

The Reaſon of cutting off five Figures in the Products is, 
becauſe, the Chain being four Poles in Length, every ſquare 
Chain contains ſixteen ſquare Poles, which is the tenth Part 
of an Acre; and, as each of the Numbers has two Decimals, 
there muſt be four cut off, according to the Rule in Multi- 
plication of Decimals, Art. 42 ; and then the Integers in the 
Product are Tenths of an Acre, therefore cutting off one Place 
more reduces them to Acres. 

But then, as we multiplied the Baſes and Perpendiculars 
together, the Products are double the Area of the Triangles, 


for which Reaſon we divide their Sum by 2. 1 
9, 
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To ſurvey the Feld GHIK LM at two Stations. 


Having ſet the In- 

ſtrument, at the firſt 

Station © 1, North 

and South by the 

Needle, direct your . 
Sights to I, the firſt M 
Angle to the right — 
Hand of the Inſtru- 

ment, and obſerve the 

Degrees and Minutes 

cut by the Index, 

which is 20“. 49: 1. 
In the fame Manner, 


view all the ſeveral Angles, which- will be as follows: 


NOK 76 . 25 
NOL 130 49 
N OM 180 . oo 
NO G 234 . 10 


NOH 335 30 


Then chooſe another Station in the Field, from whence alt 
the Angles may be ſeen, as at © 2, at which ſet up a Staff 
for a Mark; direct the Sights of the Inſtrument to that Mark, 
and obſerve the Angle cut by the Ruler, which is 97% 55 „ß 
then meaſure the Diſtance of the two Stations, which is two 
Chains and thirty-two Links, or 2.32. | 

Carry the Inſtrument to the ſecond Station, and leave a 
Staff, or ſome other viſible Mark, at the firſt Station ; ſet the 
Center of the Inſtrument over the Place where the Staff ſtood: 
at © 2, and put the Sights to the Angle they were at from 
© 1 to © 2, that is, to 97. 55” then unſcrew the Table, 
keep the Index and Sights fixed, rurn the Inſtrument and Index 
till thro* the back Sight you ſee the Mark at Or, and then 
ſcrew the Inſtrument, which will then ſtand in the ſame 
Poſition as at © 1. | 

Direct the Sights to the Angle I, the Angle obſerved firſt 
at the firſt Station, and obſerve the Degrees and Minutes cut 
by the Index; then direct the Sights to K and L, and fo on 
to the other Angles, and the Degrees and Minutes cut front 
this Station will be as follows : 


I 345? 
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I 245* . 420 a | 
$2 . 23s 


L: 202" -..465- 
M 209 . 22 


H 314 . 24 


—. 


To protract or lay down the Mor. 


Draw a Line at Pleaſure for the North and South Line, 
on which aſſume any Point, as O 1, for the firſt Station; lay 
the Center of the Protractor on this Point, and the Diameter 
on the Line NS; prick off the Angles, and draw the Lines 
O11, OI K, Sc. to a convenient Length: Then finding, 
by the Field-Book, that the Angle to O2 is 97%. 55, lay 
down that Angle, and draw the Line O1, © 2; take 
from the diagonal Scale 2.32, the Diſtance from © x to © 2, 
and lay from © 1 to © 2, which is the ſecond Station: Lay 
the Protractor to the Point © 2, and turn it about till the 
right Line drawn from © x to © 2 cuts the Angle 979. 55 3 
then lay down the ſeveral Angles at © 2, beginning with that 
which was firſt taken, and proceeding *till you have taken 
down all the Angles; draw the Lines O 2 K, Sc. till they 
interſect the former Lines in the Points K, L, M, G, H, 
and I, which Interſections will repreſent the ſeveral Angles of 
the Field: Then join the ſeveral Angles, by the Lines GH, 
HI, I K, K L, LM, and MG, and you have the Plot of 
the Field; which may be divided, by Diagonals drawn from 
any Angle, as G, into four Triangles, whoſe Baſes and Per- 
pendiculars, being meaſured on the diagonal Scale, as in the 
laſt Example, will be as under: 


Baſe. Perpend. 


MGL 6.48 3.32 
L GK 8.01 3.45 
K GI 8.01 3.68 
GIH 7.11 1.84 


Multiply the Baſe and Perpendicular of each Triangle, and 
cut off five Figures; then add the ſeveral Products, and divide 
their Sum by 2, as in the other Example. 


6.43 
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6.48 8.01 8.01 7.11 

3.32 3-45 3-08 1.84 

1296 400 5 6408 2844 
1944 3204 4806 5688 
WW 


2.15136 2.76345 2.94768 1. 30824 


2.15136 45357 
2.70345 | 
2.94768 — — 
1. 30824 2. * 
1 
2) 917073 2 3 
13. 65840 
4.585365 


The Area is four Acres, two Roods, and thirteen Poles; 


To ſurvey a Fitld by going round it at — Stations: 


Chooſe any 
Place for the 
firſt Station, as 
at O 1, place 
thelnſtrument 
there, by the 
Needle, North 
and South, and 
ſcrew it faſt; 17 
then chooſe a B TOI + 7; 
ſecondStation, 
as at © 2, and 
there ſet up a 
viſible Mark; ; 
turn the In- 1 
dex of your + . 
Inſtrument a- 
bout, till thro' 
the Sights you 
ſee the Mark at © 2, and it will cut 10*. go” N. E. for the 
Pofition of the Line you are about to meaſure, which enter 


in the middle Column of your Field-Book, as you ſee below. 
2 | Next 


or Offset from the Chain to F is 
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Next lay the Chain from © 1 
in a right Line towards © 2, the 
ſecond Station ; which being done, 
let it lie *till you have entered 
the Obſervations in that Chain's | 
Length, that is, meaſure the | 
Diſtance from Oi to a, the | 
Hedge or Ditch, fifty-two Links; 
which you muſt enter in the out- 
fide Column of your Field- Book, 
on the right Hand, the Hedge 
being on the right Hand of the | 
Courſe ; having entered © r, for 
the firſt Station, in the middle 
Column, againſt it put .52, the 
Offset, ſignifying, that, at the 
Inſtrument, the Hedge at the 
right Hand is fifty - two Links 
from the Chain: Then meaſuring 
on towards © 2, at the Diſtance 
3.51 you come directly oppoſite 
to the Angle F, and the Diſtance 


61; therefore enter 3.51 in the 5:44 
middle Column of your Field- 


Book, and .61 in the right-hand Column : Then meaſuring 
on to © 2, you will find it to be 4.78, and the Offset .46 ; 
both which enter in your Field-Book, as before: So is your 
Work relating; to the firſt Station finiſhed, 

Then bring your Inſtrument to © 2, place the Center 
directly over where the Staff ſtood, and ſend a Staff forward to 
© 3 ; unſcrew the Inſtrument, lay the Index on 109. 30, 
the Angle cut from © 1 to © 2, and turn the Inſtrument, 
with the Index in that Poſition, *till thro' the back Sight 
you ſee the Staff left at © 1 ; ſcrew the Inſtrument faſt, then 
turn the Index about till thro' the Sights you ſee the Staff at 
© 3, and it will cut 279%. 45, which enter in your Field- 
Book: Then obſerve, that at © 2 the Offset to c is. 35; and 
in meaſuring towards O 3, at 2-31 [Diſtance from © 2, the 
Offset is .63; and the whole Diſtance from © 2 to © 3 is 
5.32, where the Offset js ,46.; all which enter in your Field- 
Book, as before, | 

In the ſame Manner carry the Inſtrument to © 3, and 

progeed in all Reſpects as at © 2, and the Angle to © 4 ma 
| | 4 
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be found 191%. 50”: Then meaſure the Diſtance from © 3 
to O 4, and alſo from © 4 to © 1, together with the ſeveral 
Offsets ; place them in the Field-Book, which will then ſtand 
as in the foregoing Page. 


To protratt the Work. 


Draw any Line at Pleaſure for the North and South Line, 
on which aſſume the firſt Station © 1, and with the Pro- 
tractor lay down the Angle 10. 30'; draw the Line © 1, 
© 2, and ſet the Offset .52 from © 1 to a; take 3.51 and 
ſet from © 1 to 7, where ſet off the Offset .61 from i to F; 
take 4.78 and ſet from OI to © 2; take .46, the Offset 
at © 2, and ſet from O 2 to b; the Offsets are to be ſet 
off perpendicular to the ſtationary Line: Then lay the. Pro- 

tractor on © 2, with the Limb on the contrary Side of the 
Line; and, as the Degrees cut were 279%. 45, take 279%. 45 
from 360, the Remainder is 809. 15, thro' which Angle 
draw the Line © 2, © 3; then from the Scale lay 2.31 from 
© 2 to 4, where ſet off .35 the Offset from + to D; then 
lay 5.32 from © 2 to © 3, and ſet off .46 from © 3 to d. 

Thro' © 3 draw a Meridian-Line, as 25, parallel to the 
former Meridian-Line NS, by Prob. 6; lay the Center of 
the Protractor on © 3, and, as the Degrees cut on the In- 
ſtrument were 191*. 5o', mark off 119. 500, the Exceſs 
above 180, for the Angle that the Line © 3, © 4 is to 
make with the pricked Meridian-Line, and draw the Line 
© 3, © 4, on which lay 2.78 from © 3 to /, where ſet off 
the Offiet .q5; and lay 5.21 from © 3 to © 4, where ſet off 
the Offset .54. From © 4 draw a Line to © 1, on which 
ſet 2.06 to m, and the Offsets as in the Table. Laftly, lay- 
ing down 5.44, it will reach from © 4 to © 1, where ſet off 
42 from i to /; and draw Lines from the Offset à to F, 

from F to b, &c. which will be the true Repreſentation of 
the Field. | 


To find the Number of Acres. 


At © 1 I obſerve, © 1 @ is .52, and © 1h .42, which 
are Sides of the Parallelogram © 1, a, G, 5, for in this Caſe 
the Error is inſenſible: Multiply the two Numbers together, 
and cut off five Places for Decimals in the Product, theſe will 
be the Decimals of an Acre; if there are not five Places of 
Figures in the Product, prefix a Cypher to make five Places: 
Then, for the Parallelogram © 1, a, z, F, add 52, | = 
1CT 
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Width at one End, to .61 the Offset at 7, the Width at 
the other End; the Half of that Sum is the mean Width, 
which, being multiplied into 3.5 1, the Length, gives the 
Area, remembering to cut off hve Places for Decimals in the 
Product. | 

In the ſame Manner may the Areas of all the Parallelograms 
be computed, remembering to ſupply the Places with Cyphers 
where they are deficient. 


52 61 3.51 
42 52 56 
104 2) 1.13 2106 

208 — — 1755 
— 56 — — 
02184 19656 

© 1, a, 5, G, 0.02184 
G, „,, 19656 
5 19133 
© 2, 3, c, E, 0161 
© 2, c, 4, D, 11319 
© 3, 4, 4, D, 16254 
© 3, 4, e, C, thaw 02438 
r 2057 2 
© 4. f, l, B, 17982 
© 4, V% , A, 03834 
© 4, 2, n, H, 1133 
© 1, b, n, H, 1352 


1.39832 


Draw a Diagonal from © 2 to © 4, to divide the Part 
of the Field within the ſtationary Lines into two Triangles ; 
then ſet one Foot of the Compaſſes in © 1, and extend the 
other to the Diagonal ſo as not to paſs it; this being meaſured 
on the Scale will be 3.37 for the Perpendicular of the Triangle 
O4, O2, © 1; then ſetting one Foot in © 3, and ex- 
tending the other to the Diagonal in the ſame Manner, it 
gives 3.66 for the Perpendicular of the Triangle © 4, 
© 3, © 2; and the Diagonal is 7.48 for the Baſe of each 


Triangle, 
K k 2 7.48 


, 
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7.48 7.48 
n 3-60 
5236 4488 
2244 4488 
2244 2244 
2.52076 2.73768 
2.52076 
2) 5.25844 
2.62932 
Area of the Parallelograms add 1. 39832 
4.02754 
. 
11016 
40 
4.40640 


The Area is four Acres and four Poles. 


Surveying being by much the- beſt learned by Practice, I 
have been the ſhorter in this Article: And, the Practice of 
Surveying requiring divers Inſtruments, I would recommend 
my Readers, who may have Occaſion to purchaſe any, to 
Meſſrs. Heath and Ving, Mathematical Inſtrument Makers, 
near Exeter- Change, in the Strand; where all Sorts of 
Mathematical and Philoſophical Inſtruments are made, to a 
great Degree of ExaQneſs and Perfection. 


The Conftruftion of the Line of Chords, 
Sines, Tangents, and Secants. 


, Of the Line of Chords. 


VERY Circle being divided into 360 Degrees, each 
Quadrant contains go Degrees: A Line of Chords, 
therefore, is the Chord of go Degrees, or a Quadrant 

to any Radius. The Way to project a Line of — is, 
; a raw 
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Draw any right Line, as | 
GEC; take any Extent | | 
of the Compaſſes, and place | | 
one Foot in E, and draw | |} | 
the Semicircle GBC; erect | | 
E F perpendicular to GC, ||F 
and draw the right Line 
CB: Begin to divide the 
Quadrant C B into three 
equal Parts, at the Points 
30, 60, and B, and divide 
each of theſe into three 
more equal Parts, at the o 
Points 10, 20, 30, 40, Sc. 
then ſetting one Foot of 


= 
* 


the Compaſſes in the Point 5 Zo 
C, extend the other to 10, |3 8 7% 
| 8 
NE, 
2 ER = 
2 5 | 


— — : Sl U 
WY ] | [1 
3. — : | 
f ( | 10 
f ä 


——— —— Gab Foote > $1 
20, 30, 40, &c. and transfer it to the Chord-Line CB; fo 
will this Line be divided in the Points 10, 20, 30, 40, Cc. 
the Chords of thoſe Degrees. If you continue to divide the 
Arch CZ into ſtill ſmaller Diviſions, and transfer them in 
the ſame Manner, theſe Diviſions, where they interſect the 
right Line C B, will be the Chords of thoſe Degrees; which, 
in the Figure, are divided but to every fifth Degree. 


Of the Line of Sines. 


Tf thro' the Points 10, 20, 30, Cc. of the Quadrant CB, 
Lines are drawn parallel to the Diameter G C, they will cut 
the Radius BE, and the Part cut off will be the Sine of the 
Number of Degrees which ſuch Parallel paſſes thro' in the 
Periphery of the Circle: Thus E @ is the Sine of 10 Degrees, 

| becauſe 
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becauſe the Parallel which cuts the Radius E B in the Point a 
paſſes thro' 10 Degrees in the Periphery. Thus, by drawing 
Parallels thro* each Degree of the Quadrant, the Radius B E 
would he divided into a Line of Sines to all the 9o Degrees 
of the Quadrant. 


Of the Lines of Tangents and Secants. 


A Perpendicular being raiſed, by Prob. 3, on the End of 
the Diameter G C, as CH, is a Tangent-Line; to which, 
Lines drawn from the Center E, thro' the ſeveral Degrees 
of the Quadrant, will divide it into a Line of Tangents to the 
Radius BE; and the Lines ſo drawn from the Center are the 
Secants of the ſeveral Degrees thro' which they paſs, which 
may be transferred' to the Line BF, by placing one Foot of 
the Compaſſes in E, and extending the other to 10, 20, 30, 
40, Sc. on the Tangent-Line, and drawing the reſpective 
Arches *till they interſect the Line E F, which Diſtances from 
the Center will be the Secants of their reſpective Degrees. 

If the Reader takes the Chord of 60 Degrees from his Scale, 
and proceeds as directed, he may compare the Truth of his 
Conſtruction with the Lines on the Scale. 


oth. a & 


Of Spheric GEOMETRY. 
Sete GEOMETRY conſiſts in projecting 


the Circle of the Sphere on a Plain: In which Projection 
there are great Circles of three different Sorts, vis. 
primitive, right, and oblique Circles. a 


Definitions. 


The primitive Circle is that on 77, 


which the Projection is made, as | 
the Center H ZR N. | i | * 
A right Circle is a Circle which 
— ” 


cuts the primitive Circle at right H 


Angles, and divides it into two — EER 
equal Parts; therefore, in the Pro- 

jection, this is a right Line, and 
becomes the Diameter of the pri- | 


mitive Circle; as HOR. N 


o 
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An oblique great Circle is a Circle which cuts the primitive 
Circle in two oppoſite Points, but does not paſs thro' the 
Center, as the Circle Z DN. | | | 
An oblique leſs Circle is a Circle parallel to a right Circle, 
as the Circle & /m, parallel to HO R. 3 

A ſpherical Angle is the Meeting of two Circles in a Point; 
thus, by the Meeting of the primitive Circle HZ RN with 
the oblique Circle Z DN, is made the Angle RZ D. | 

The Pole of any Circle is that Point which is ninety Degrees 
from it every Way. ' 

When any Circle paſſes thro' the Pole of another Circle, it 
interſects it at right Angles, or is perpendicular to it. 


Prob. 37. To find the Pole of 
the primitive Circle. 


Draw any right Line within 

the primitive Circle, as b c d; 
biſet this Line, by Prob. 1, 
with the Line C D, and 
biſect this Line by the right 
Line AB; the Point O, 
where A B and C D meet, is 
the Center or Pole of the 
primitive Circle. 


Prob. 38. To find the Poles of any right Circle, A B. 


The Poles of every right Circle are, in the Periphery of the 
primitive Circle, ninety Degrees from it; therefore, draw 
C D perpendicular to A B, paſſing thro' the Center O; then 
C and D are the Poles of the given right Circle A B, 


Prob, 39. To lay any Number of Degrees, as 51. 30, on 
the primitive Circle, 5 aids 

Take 51. 30” from the Line of Chords, and ſet it on the 
primitive Circle, as from B to 4. | . 


Prob. 40. To meaſure any Part, as C G, of the primitive 
Circle. | 


Take C G in the Compaſſes, and, applying it to the Line 
of Chords, it will reach from the Braſs Center to 46“. 36”, 
the Anſwer, "LIU 

272 | f Prob. 


256 MATHEMATICS. 


Prob. 41. To lay any Number of Degrees, as 68*, on a 
right Circle. 6 I | 


This Problem admits of two Caſes : 


Caſe 1. If the Degrees are to be laid from the Center to- 
wards the Periphery of the primitive Circle, take 34, the 
Half of 68*, from the Line of Tangents, or 689 from the 
Line of Half-Tangents, and lay them from O to E. | 


Caſe 2. When the Degrees are to be laid from the Periphery 
towards the Center or Pole of the primitive Circle; As, to lay 
43. 24 on the right Circle A B from A towards O, take the 
Complement of 43*. 24 to 90®, which is 46. 367, from the 
Scale of Half-Tangents, or 239% 18“, the Half of it, from 
the Line of Tangents, and lay it from O to H; then is AH 
43? . 24, becauſe OA is go“. Or, ſet one Foot of the 
Compaſſes on go“ in the Line of Half- Tangents, and extend 
the other *till you have 43*. 24 between the Compaſſes; 
with this Extent, place one Foot of the Compaſſes in A, and 
the other will fall on H; thus will A H be 43? . 24, as 
required. 


. rr en 


Prob. 42. To meaſure any Part of a right Circle. 


This, like the laſt Problem, admits of two Caſes : 


Caſe 1. To meaſure the Part O E of the right Circle A B, 

take OE in the Compaſſes, and, applying it to the Line of 

- - Half-Tangents, it will reach to 68; or, applying it to the 

Line of Tangents, it will reach to 34, which, being doubled, 
gives 689, as before. 


Caſe 2. To meaſure a Part, as AH, of the right Circle 
AB, take O H in the Compaſles, and, applying it to the 
Line of Half-Tangents, it will reach to 46. 36”, the Com- 
plement of which to 90 is 43. 24, the Meaſure of AH; 
or, take A H in. the Compaſſes, and ſetting one Foot on 90 
in the Line of Half-Tangents, and turning the other towards 
the Beginning of the Scale, they will be found to include 
43% 24, the Meaſure of A H, as: before. | 


Prob. 43. To find the Pole of an oblique. Circle, BED. 


Draw the Diameter BO D, and the Diameter AOC 
perpendicular to BOD; then draw a Line from B thro? E, 
| _— 


Of Spheric Geometry. 

meeting the primitive Ye 

Circle in F; from F 

ſet off 90 to G, and 

draw B G interſet- = 

ing A OC in H, the "of 

Pole of the oblique Rz 

Circle BE D, which 

lies betwixt the pri- 

mitive Circle and its 

Center. If the other 

Pole be required, ſet 

off 9oꝰ on the pri- 

| ere * 1 
to I, extend A C towards and draw BI meeting A 

in K, the other Pole of BE D. N 1 2 


From what has been ſhewn, of finding the Poles of the 
ſeveral Circles, the Learner may perceive, that the- Pole of 
every Circle is ninety Degrees diſtant from the Circle itſelf : 


„* * 
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Thus, if E H, the Diſtance between the oblique Circle BE D 


and its Pole, be meaſured, by Prob. 42, Caſe 2, the Part 
O will be found thirty-four Degrees, and O H fifty-fix 
Degrees, which together are ninety Degrees. 


Prob. 44. To any Number of Degrees, as © 0 on an 
oblique. Circle, B E D. See the laſt F ine: 888 


Find H, the Pole of the oblique Circle, by Prob. 431 take 


37 from the Line of Chords, and ſet from B to @ ; then draw 
a, cutting the oblique Circle in r; thus will B r be 37, 
as was required. | 


Prob. 4 5 To meaſure a Part, as Br, of an oblique Cir» 
cle, BE D. | 
Find H, the Pole of the oblique Circle, by Prob. 43 ; then 
draw H , cutting the primitive Circle in 2; and B a, being 
meaſured on the me of Chords, will give 37*, the Meaſure 
of Br. Again, if it were required to meaſure the Part r 5 of 
the ſame oblique Circle, firſt draw Hr, cutting the primitive 
Circle in @ ; then draw H g, cutting the primitive Circle in :; 
and the Diſtance 4 f, being meaſured on the Line of Chords, 

gives 87 the Meaſure of r 5, required. a 
x | L1 | Prob. 
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Prob. 46. To make an Angle N 
7 23* . 29 at the Center or 
Pole of the primitive Circle. 


Draw the right Circle AC; 
then take 23*. 29 from the 
Line of Chords, and ſet from 
A to , and draw Os; thus 
will the Angle at O be 
230 297, as was required,” 


Prob. 47. To make an Angle of 36. 40 at the Point B 
in the primitive Circle. | A ber 
From the Point B draw the Diameter B D, and at right 
Angles to it draw AC; from C ſet off 36“. 407, by the 
Line of Chords, to r, and draw B, which will interſe& 
AC in e; thro' Be D, by Prob. 17, draw Be D, making an 
Angle of 369. 40“ with the primitive Circle in the Point B. 
But here it will be proper to obſerve, that, when an Angle 
is ſignified by three Letters, the middle Letter is that at the 
angular Point; as, here it is the Angle B C that is the 
Angle required, for the Angle OBe is 53*.20', being the 
Complement of the other to 90. 


Prob. 48. To draw @ right Circle perpendicular #0 the 

primitive Circle. . 
This is no more than to draw a Diameter, as A C in the 

laſt Figure, thro' O, the Center or Pole of the primitive 


Circle, 


Prob, 49. To draw a right Circle perpendicular to the right 
Circle A C. 1 


Find B and D, the Poles of A C, by Prob. 38 ; thro” | 


which drawing the right Circle B D, it will be perpendic 
to A C, and paſs thro” the Pole of the primitive Circle, 


Prob. 50. To draw an oblique Circle perpendicular to the 


right Circle A C. 


Having drawn the primitive Circle, and the right Circle 
A C, draw B D perpendicular to A C, by Prob. 49 ; ſet one 
Foot of the Compaſſes any where in A C, except in O, _ 
i * E 


2 „ wes .. 
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the other Foot to B or D, and 
draw B D, which is perpendicu- 
lar to AC, becauſe it paſſes thro* 
its Poles, B and D. But, when 
it is required to draw a Perpen- 
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dicular to a right Circle, to make 
a given Angle with the primitive 
Circle, as of 49*, in this Caſe, 


take 41*®, the Complement of the 
ven Angle, from the Scale of 

alf-Tangents, and lay from O 
to E; then, by Prob. 17, draw 


an oblique Circle thro* the three Points B, E, and D, which 


will be perpendicular to A C, and make an Angle, CBE, 


of 490 with the primitive Circle. 


Prob. 51. To draw an oblique Circle, m p n, perpendicular 


to another oblique Circle, P QR. 


By Prob. 43, find p, the Pole i Þ 


of the oblique Circle PQR; 
then taking any two oppoſite 
Points in the primitive Circle 
not in a right Line with p, as 


m and n, draw a Circle, by 7 — 


Prob. 17, to paſs thro* the 


three Points m, p, and n, which TE 
will be perpendicular to the 
given oblique Circle PQ R. | 


IN * 


Prob. 52. To draw an oblique Circle, r e þ , perpendicular 
to the oblique Circle PQ R, to paſs thro e, any given Point in 


the obligue Circle PQ R. 


Draw the Diameter P R, alſo D E perpendicular to it; find 
p the Pole of the ous Circle, as before, and draw R p; 


at R eret g R perpen 


icular to R p, and extend it till it 


interſects the right Circle D E produced in 9 thro' 3, e, 
and p, a Circle being drawn, by Prob. 17, will be perpen- 


dicular toPQR, and paſs thro' the given Point e. 


L12 


Prob 


= 
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a 
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Prob. 53. To meaſure a ſpherical 
Angle, rOs, — the rale 
Point O is at the Center or Pole 
of the primitive Circle. | 


Take 7 S in the Compaſſes, and, 
applying it to the Line of Chords, 
it will reach to 47. 300, the 
Meaſure of the given Angle ; this 
being the ſame as meaſuring a com- 
mon Angle, | 


AFICS. 


Prob. 54. To meaſure a ſpherical Angle, S A E, when the 
angular Point A is in the Periphery of the primitive Circle. 


Draw the right Circle AO B paſſing thro? the Pole of the 
primitive Circle, alſo SO T perpendicular to A OB; then 
. meaſure O E on the Scale of Half-Tangents 41 28“, which, 

being ſubtracted from go“, leaves S E 48, 32”, the Meaſure 
of the Angle 8 AE. RL 


Prob, 55. To meaſure a ſpherical Angle, BIE, made by the 
Inter ſection of the obligue Circle EI F with the right Circle BD 
at the Point » | | 


Draw AC perpendicular to BD 
paſſing thro' the Point O; then 
draw the right Circle EO F; by 
Prob. 43, find L, the Pole of 
EIF; and draw IL, meeting A 
the primitive Circle in P; then 
CP, being meaſured on the Line 
of Chords, is 64. 25, the Mea- 
ſure of the given Angle BI E. | 


Prob. 56. To meaſure a ſpherical: Angle, Em B, » 
the Interſeflion of two obligue Circles, Em F and BND, in 
the Point m. «es Bank, 

Find x, the. Pole of the obliqus, Circle B D, and L. the 
Pole of En F, as before; then draw w + G and „L and 
GH, being meaſured on the Line of Chords, is 48. 30”, the 
Meaſure of the given Angle EB. 


But 
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But this Rule holds only when 
the two oblique Circles, E m F 
and B m D, have their convex 
Parts the ſame Way: For, if 
it were required to meaſure the 
Angle 8 a N, made by the In- I 
terſection of the two oblique 
Circles Pa S and Za N; having, 
by Prob. 43, found p, the Pole 
of the oblique Circle Z a N, by 
the fame Prob. find x, the Pale | 
of the oblique Circle Pas, 
which is on the ſame Side the Center of the primi imitive Circle 
with p, the before-found Pole of Z aN; a Ruler, laid 
from the angular Point @ to p, will cut the primiti ve Circle 
in F, and, being laid from the ſame Point @ to x, will cut 
the primitive Circle in E; then the Diſtance E F, being 
meaſured gn the Line of (handy, I 187 a the Meaſure of 
the given Angle S 4 N. 


Prob. 57. To draw an oblique Circle, gas, to make an 
Angle, A a q, of 39* with a right Circle, A C, and to paſs 
thro' @ given Point, a, in any Part Yi the right Circle, | 


Draw BD perpendicular to A C, G 
thro' O, the Center of the primi- : 
tive Circle; a Ruler from D 1 * 
to a, which the cut the primitive | 
Circle in E, and draw OE toa 
convenient Length ; at C erect 
Ct perpendicular to A C, *till it 
meets E O in t; take C: in the 
Compaſſes, and ſet it from the 
Center O to e; at e erect ce _ 
perpendicular to A C, and extend 
it both Ways to cc; take 60? 
from the Line of Chords, ſet one — 
Foot of the Compaſſes in 4, and c. .D 
with the other draw an Arch, 

K* K; then take 51 the Complement of the givey 39% 
fx it from x to x, and draw a r, till it meets cec ig . on 

the Point c, with the Radius c, draw the oblique Circle le £4 4 
and the Angie A ag will be 39“, a5 was required. 


Prob. 
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Prob. 58. To draw an oblique Circle, cs I, to nale an 
Angle of 80* with another obligue Circle, B c D, in c, any 
given Point in Be D. N i N 


Find p, the Pole of the oblique 
Circle Be D, by Prob. 43; la 
a Ruler from þ to c, which will 
cut the primitive Circle in m, and 
from m ſet off 90 ton; a Ruler, 
being laid from p to n, will cut 
the oblique Circle BcD in x; 
a Ruler, being laid from c to x, 
will cut the primitive Circle in y, 
from whence lay the given 80“ to 
z; a Ruler, being laid from c to 
2, will cut the right Circle A C 
in 5; thro' either of the Points 
c or 5, as c, draw a right Circle, EF, which croſs at right 
Angles with the right Circle G H; then draw the Line c H, 
and at H erect H I perpendicular to c H, which continue *till 
it meets E F produced in I; laſtly, thro* the three Points 
c, 5, and I, by Prob, 17, draw the oblique Circle c 5 I, paſſing 
thro c, and making an Angle, c D, of 80% with the oblique 
Circle Be D, as was required. 


Prob. 59. To draw an oblique Circle, F E, thre' a given 


Point, a, ſo as to make an Angle of 40 with the primitive 
Circle, 


Take the Tangent of 40® in the B 

Compaſſes, ſet one Foot in the 

Center of the primitive Circle, and 

draw an Arch, e ; then, with the E 

Secant of the ſame Angle of 40?, 

ſet one Foot of the Compaſſes in 

the given Point a, and deſcribe an 

Arch interſecting the former in e, 

which is the Center of the required EF 
Circle ; upon which, with the Ex- | 
tent ea, deſcribe E a F, which will 
meet the primitive Circle in E, and make an Angle, a E B, 
of 40®, as required. img 4" Hi 4p | 


Prob. 
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Prob. 60. To draw a leſſer Circle 

parallel to the primitive Circle, at 

a given Diſtance of 4b“ from the 
Center of the primitive Circle. 


With the Half-Tangent of the 
given 46* in the Compaſſes, ſet 
one Foot in the Pole of the 
primitive Circle, and draw the 
leſſer Circle a b c 'd, which will be 
parallel to the miu Circle 
ABCD. 


Prob. 61, T draw a leſſer Circle, « rallel 1e the 
right Circle BD, at 53* from it. * 1 G MF 


Take 53* from the Line of Chords, and lay them from 
B to e, and from D to g; then lay a Ruler from B to g, and 
it will cut the right Circle A C in 7; thro' the three Points 
e, V, and 7 by Prob, 17, draw e f 2, the Parallel required. 


Prob. 62. To draw a le Her Circle, a b c, parallel to an 
oblique Circle, Be D, at 22* diſtant from TO Ss 
Find p, the Pole of the oblique | f 
Circle B. D, by Prob. 2 E B es 
Ruler, being lid from D to p, 
will cut the primitive Circle in 
a; ſet off 68, the Comple- 
ment of the given Diſtance, & 
from a, both Ways, to 4 and 
eM; a Ruler, being laid from D 
to d and e, will interſect the 
right Circle A C in 6 and £5 
then, . I, biſect bg 


h, the Center, on which, with the Radius bb, or hg, draw 
the Arch abc, the Parallel required. 

Prob. 63. Any Point being giuen B 
as a Pole, to draw its Circle, 

This Problem has three Caſes : 

2c 

Caſe 1. When the given Point | of 
is the Center, as O, then is the fi iy | 
Circle a primitive Circle, AB CD; | 0 
which may be drawn with any e =: of 
Radius, at Pleaſure, D 
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Caſe 2. When the given Point, as A, is in the Periphery 
of the primitive Circle, ſet off 90 from A, both Ways, to 
B and D; then draw the right Circle BO D, the Cirde 

required. | | | 
Caſe 3. When the given Point, as 4, is neither in the 
Center or Periphery of the primitive Circle, thro' 4 and the 
Center of the primitive Circle draw a right Circle, A C, and 
another at right Angles to it, as BD; a Ruler, being laid 
from B to a, will cut the primitive Circle in c; ſet off 90® 
from c to d, ant lay a Ruler from B to 4, which will cut the 
right Circle AC in e; then thro' the three Points B, e, 
and D, by Prob. x7, draw the Circle B e D, which will be 
the required oblique Circle to the Pole a. 


a - a” + : , W ww 
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LAIN or right-lined Triangles are formed by the 
Interſection of right Lines: tical Tri are 
formed by the Interſection of Cireles: The Sides of 
theſe are Parts of thoſe Circles; and ſpherical Angles are 
meaſured by the Arch of a great Circle, intercepted between. 
the Arches which conſtitute the Angle. 


We Properties of ſpherical Trianigles are as follows : 


1. The Sum of the three Angles of any 1 Triangle 
2 18 than two right Angles, and leſs than fix right 
n PRYOR | | 
2. The Side of a fpherical Triangle is leſs than a Semicircle. 
3. The three Sides of a ſpherical Triangle are leſs than a 
Circle or 3609. AR | 
4. The greateſt Side always ſubtends the greateſt Angle. 
5. In a right-angled ſpherical Triangle, if the Legs or Sides 
containing the right Angle are, each of them, greater or leſs 
than g0®, then will the Hypothenuſe be leſs than go®. 


6. But, if the two Legs are, one greater, and the other leſs, 
than o, then will the Hypothenuſe be greater than go“. 

7. In a right-angled ſpherical Triangle, if the Legs con- 
taining the right Angle are, each of them, greater than 90“, 
each of the Angles oppoſite will be greater than go® ; but, - 

eac 
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each of the Legs are leſs than 90 each of the oppoſite Angles 
will be leſs than 90*. pens | 
8. If the Hypothenuſe be more than 9o, the Sides con- 
taining the Angles will be, one leſs, the other more, than 902 ; 
and the Angles oppoſite to thoſe Sides will be, one lefs, the 
other more, than 90“. b | 

9. If the Hypothenuſe is leſs than go, the other Sides will 
be each more than 900, or each leſs than 90; and the Angles 
oppolite thoſe Sides will alſo be each more, or each leſs, than 


g0*, as were the Sides. 


The Solution of right-angled ſpherical Triangles, 


The Lord Nepier, the noble Inventor of Logarithms, diſ- 
covered # Method for ſolving right-angled ſpherical Triangles, 
which is called the Cathelick Propoſition : This being beſt 
adapted for the Eaſe of the Memory, I ſhall endeavour to 
explain it ſo that the Reader may meet with as little Difficulty 
as may be in this Part of the Work, _ + 

The Hypothenuſe, Baſe, Perpendicular, and the other two 
Angles, that is, the five Parts of a ſpherical right-angled 
Triangle, excluſive of the right Angle, are called the five 
circular Parts, © | 

Of theſe five circular Parts, if the two of them which are 
given, and the third which is to be found, are fo ſituated that 
no other Part of the Triangle lies between them, it is called 
an Extreme conjunc“: The right Angle is not reckoned as 
any Part, it not being one of the five circular Parts: And the 
Part that then lies in the Middle of theſe three Parts is called 
the middle Part, and the other two the Extremes conjuntt. 

But, if between the two Parts that are given, and the third 
which is to be found, there lies any other Part except the 
right Angle, it is called an Extreme digjunct; and that Part, 
between which and the other Parts there lies either a Side or 
an Angle, is called the middle Part; and the two Parts lying 
together are called the Extremes disjuntt, This Diſtinction 


I adviſe the Reader to be careful to obſerve. 


Rule 1. When it is an Extreme conjunct, and the middle 
Part js to be found : | | 

As the Radius 

Is to the Tangent of one Extreme, 

So is the Tangent of the other Extreme 


To the Sine of the middle Part, | 
M m Notes 
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Note, That, if the middle Part, or either of the Extremes 
conjunct, be the Hypothenuſe, or either of the oblique Angles, 
then, in the above Proportion, inſtead of the Tangents and 
Sines, uſe the Co-tangents and Co- ſines; but, if the Baſe, 
or Perpendicular, ſhould be the middle Part, or the Extremes 
conjunct, then uſe only the Tangents and Sines, 


Rule 2. When it is an Extreme conjunct, and one of the 
Extremes is to be found: | 


As the Tangent of the given Extreme 
Is to the Radius, 


So is the Sine of the middle Part 
To the Tangent of the required Extreme. 


The ſame Note muſt be obſerved here as in the firſt Rule. 


Rule 3. When it is an Extreme disjun&, and the middle 
Part is to be found : 


As the Radius 

Is to the Co- ſine of one Extreme, 

So is the Co-ſine of the other Extreme 
To the Sine of the middle Part, 


Note, That, if either of the Extremes disjunct be the H 
thenuſe, or either of the oblique Angles, in the above Pro- 

rtion, inſtead of the Co-ſine, uſe the Sine; but, if the 
Baſe, or Perpendicular, ſhould be the Extremes disjunct, then 
uſe the Co- ſine. 


Rule 4. When it is an Extreme disjunct, and one of thę 
Extremes is to be found : 


As the Co- ſine of the given Extreme 
Is to the Radius, 


So is the Sine of the middle Part 
To the Co-fine of the required Extreme. 


The fame Note is to be obſerved here as in the third Rule. 


Prob. 64. In the right-angled ſpherical Triangle A BC, 
right-angled at B, given the 2 A C 75. 20”, and 
the Angle BC A 57. 16“, to find the Perpendicular B C. 


Conſtruction. With the Chord of 60, draw the primitive 
Circle EDB C; draw the oblique Circle CAD, by Prob. 155 


0 | 
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ſo as to make an Angle at C of FR | 
57% 16; by Prob. 44, find P, 

the Pole of this oblique Circle, and, 

by Prob. 45, lay on it 75. 20 

from C to A; then draw the right 
Circle B E thro” the Point A and 

Center or Pole of the primitive 

Circle O, which interſects the 

primitive Circle in B, and forms 

x "i ABC, right-angled 

at B. 


In the ſpherical Te AB C there is given, beſides the 
right Angle at B, the Hypothenuſe A C 75. 20, and the 
Angle at C 57. 167, to find the Perpendicular B C: Theſe 
Parts having no Parts betwixt them, it is an Extreme conjun#, 
and A C and BC are the two Extremes, and the Angle at C 
is the middle Part; hence the preſent Caſe is an Extreme con- 
junct, and one of the Extremes is to be found : Therefore, to 
find the Perpendicular B C, by the ſecond Rule, and the Vote, 
as the middle Part is an oblique Angle, and one of the Ex- 


tremes is the Hypothenuſe, 


As the Co-tangent of A C, 75. 20, Co. Ar. 0.582158 
Is to the Radius, | 10. | 
So is the Co- ſine of the middle Part BCA, 57.16, 9.7 32980 


To the Tangent of the Perpendicular BC, 64. 10, 10.315 138 


The Perpendicular B C, being Part of the primitive Cirele, 
may be meaſured with a Line of Chords, by Prob. 41; by 
which the Learner will ſee the Agreement between the Con- 


ſtruction and Calculation. 


Prob. 65. In the right-angled ſpherical Triangle A B C, 
right-angled at B, given the Hypothenuſe A C 75. 20', and 
the Angle at C 57 . 16“, to find the other Leg, or Baſe, A B. 


The ſame Things being given as in the laſt Problem, the 
Conſtruction is the ſame : And here I adviſe the Learner 
to conſtru the Figure by the Directions there given, and to 
mark the Parts given with a —, and the Part required with 
an o; the Reader will find the Advantage of doing, this at 
every Problem. . | el 
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The Perpendicular or Leg B C lying between the given 
Angle at C and the Baſe A B, it is an Extreme digunt?, and 
the Baſe A B, the Part to be found, is the middle Fart; 
therefore, by the third Rule, and its Nee, 


As the Radius 


10. 


Is to the Sine of one * A C, 75. 20“, — 99 8 — 
So is the dine of the other Extreme BCA, 57. 16, „9. 92430 


ä „ 


_— 


To the Sine of the middle Part A B, 54* .28', 9. 9105 10 


The Baſe AB, being Part of a right Circle, may be meaſured 
by Prob. 43, Caſe 2 


Prob. 66, In the right-angled ſpherical Triangle A B C, 
right-angled at B, given the Hypothenuſe AC 75. 20, and 
the Angle at C 57. 16“, to find the e See the 
Fi igure at Prob. = the Conſtruction being the ſame. 


The two Parts given and the Part required lying together, 
with no Part between them, this is an Extreme conjundt, and 
BA C, one of the Extremes, is to be found ; which may be 
done by the ſecond Rule, and its Note, as follows : 


As the Co-tangent of BCA, » 57" . 
one of the Extremes, Wege. Ar. 0.191917 

Is to the Radius, — 10. | 

So is the Co-ſine of AC, 75%. 200, the middle Part, 9:493455 


To the Co-tangent of BA C, 68. zo“, the other 
Extreme, 


| 9.598372 


The Angle BAC, made br the mention of the right 
Circle BO E and the 'oblique ircle CAD, may be meaſured 
by Prob. 55. | 


Prob: 67. In the right-angled ſpherical 75 riangle ABC, 
right-angled at B, given the Side A B 54* . 28”, and ** Angle 
at A 689. zo“, to find the Leg BC. 


 Conftruftion. With the Chord of 60, draw the 5 —— 
d BCE F; draw the right Circle B E, which will be 


perpen· 
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dicular to the primitive "oh : 

Crete, becauſe it paſſes thro' its Cc 
Pole O; lay 54*. 28 from B to 
A, by Prob. 42, Caſe 2 ; then, 
by Prob. 57, draw an oblique 
great Circle, C A F, to make an 
Angle of 689, 30“ with the right 
Circle B E, in the Point A, 
which .completes the ſpherical 
Triangle A B C, right - angled x 72 
r ä 

Here nothing lying between the Side BC, the Side B A, 
and the Angle at A, it is an Extreme conjunct, and one of the 


Extremes is to be found; wherefore, by the ſecond Rule, and .., 


its Note, 
As the Co-tangent of A, 68*. 30, the 1 Co. Ar. 0.404602 


given Extreme, _ 
Is to the Radius, 3 10. 
So is the Sine of A B, 54 28, the middle Part, qg.g10506 
| —— — 


To the Tangent of B C, 64. 107, the other 
Extreme, - — 


The Perpendicular B C may be meaſured on the Line of 
Chords, by Prob, 41, | | 


1 10315108 


Prob. 68. In the right-angled ſpherical Triangle A B C, 
right-angled at B, given the Baſe or Side A B 54. 28, and 
the Angle at A 689. 30, to find the Angle at C. See the 
Figure in the laſt Problem, the Conſtruction being the ſame. 


The Hypothenuſe A C lying between the Angles A and C, 
it is an Extreme digjuntt, and the middle Part C is to be 
found; hence, by the third Rule, and its Note, 


— —— TO, 


As the Radius 


Is to the Co- ſine of the Extreme A B, 54*.28', 4308 
So is the Sine of the Angle at A, 68*. 30”, 4 68678 
other Extreme, | Oey 
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Prob. 69. In the right-angled ſpherical Triangle A B C, 
right-angled at B, given the Side AB 54*.28', and the Angle 
at A 68. 300, to find the . AC. See the Figure 
at Prob. 67, the Conſtruction being the ſame. 


This is an Extreme conjundt, and one of the Extremes is to 
be found ; therefore, by the ſecond Rule, and its Note, 


As the Tangent of the given Extreme AB, 54%. 28, 10. 146198 


Is to the Radius 8 mn, 
So is the Co- ſine of the middle Part BAC, 68. 30, 9.564075 


19. 56407 
10. 1461 


To the Co- tang. of the Hypothenuſe AC, 75. 20, 9.417877 


The Logarithm-Tangent in the firſt Number being greater 
than the Radius, the arithmetical . Complement could not be 
had. The Truth of the Work may be found by meaſuring 
the Hypothenuſe, by Prob. 46. OC WS 


Prob. 70. In the right-angled ſpherical Triangle A B C, 
right-angled at B, given the Hypothenuſe AC 75 20% and 
the Baſe AB 54. 28, to find the Perpendicular B C. 


Conflruftion, With the Chord 
of 60?, draw the primitive Circle 
EFGD, thro' the Pole or Cen- 
ter A; draw a right Circle, EAD, 
and croſs it at right Angles with 
the right Circle FAG; take the 
Halt-Tangent of 75. 20“, and, 
with one Foot of the Compaſſes 
in the Center of the ptimitive 
Circle, draw the leſſer Circle 
mn e, patallel to the primitive 
Circle; lay 54. 28 on the right Circle E D, from A to 
B, by Prob. 42, Caſe 1; then thro* the three Points F, B, 
and G, by Prob. 17, draw the oblique Circle F B G, inter- 
ſecting the leſſer Circle mne in C, thro' which and the Pole 
or Center of the primitive Circle draw the right Circle HA CI, 
and ABC is the Triangle required. | * 
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The Angle BAC falling between the given Sides A B and 
AC, it is an Extreme disjunct, and the Extreme BC is to 
be found; whence, by the fourth Rule, and its Note, 


As the Co-ſine of the given Extreme AB 
„„ x er : Co. Ar. 0235693 


Is to the Radius, — — Ws 
So is the Co-fine of the middle Part AC, 75%. 200, 9.403455 


To the Co- ſine of the other Extreme BC, 64. 100, 9.639147 


The Perpendicular or Leg B C, being a Part of the oblique 
Circle F B G, may be meaſured by Prob. 46. 


Prob. 71. In the right-angled ſpherical Triangle A B C, 
rioht-angled at B, given the Baſe AB 54. 28, and the 
Fypothenuſe A C75 200, to find the Angle at A, 2 0 


The Conſtruction is the fame as in the laſt Problem. | 

\ The three Parts lying together, with no Part between, this 
is an Extreme conjun#, and the Angle B A C, required, is the 
middle Part; whence, by the firſt Rule, and its Note, 


As the Radius 


Is to the Co-tangent of the Extreme AC, 75. 20”, 9.417842 
So is the Tang. of the other Extreme AB, 54*.28”, 10.146198 
To the Co-ſine of the middle Part BAC, 68 30”, 9. 564040 


The Angle at A, being at the Center of the primitive 
Circle, is meaſured as a plain Angle, by Prob. 53. 


Prob. 72. In the right-angled ſpherical Triangle A B C, 
right-angled at B, given the Baſe AB 54. 28“, and the 
Hypothenuſe A C 75*.20', to find the Angle at C. 


The Conſtruction is the ſame as in the two laſt Problems. 
See the Figure at Prob, 70. 

The Angle BAC lying between the Baſe and the Hypo- 
thenuſe, this is an Extreme disjunct, and the Angle at C, 
which is to be found, is one of the Extremes; therefore, by 
the fourth Rule, and its Note, pl 


As 
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As the Sine of the given Extreme A C, I ca Ar. 0.014387 


C33 7s? 0 200, |; —ů— 
s to the Radius — — 10 
So is the Sine of the middle Part A B, 54%. 28, 9.910506 


To the Sine of the required Ektreme ACB, 3 . 10, 9.924893 
The Angle A CB; being made by the InterſeQion of an 


oblique Circle and a right Circle, may be meaſured by Prob. 55. 


Prob. 73. In the right-angled ſpherical Triangle ABC, 
right-angled at B, given the Perpendicular B C 64. 10', and 
the Angle at A 689. 300, to find the Boſe AB. 

Conſtruction. With the Chord N _— 
of 60®, deſcribe the primitive C 
Circle B FDG; thro? which © | * 

draw, at Pleaſure, the right | 
Circle B D, and-croſs it at right 
Angles with the right Circle 
FG; from B ſet off 64 10 
to C, and draw CE, and at 
right Angles to it draw HI; 
from F, both Ways, ſet off 
689. 30“ to c and 4; a Ruler, 
being laid from B to c, or from 
D to d, will cut FG in!; We | 
thro* the” three Points , e, and c, by Prob. 17, draw the 
parallel Circle ce 4, interſecting the right Circle HIinr; a 
Ruler, being laid from C to r, cuts the primitive Circle in 5, 
from whence lay 90 to ?; a Roler, being laid from C to 7, 
will cut the right Circle H I in 2; then, by Prob, 17, draw 
a Circle thro* the three Points C, à, and E, which will 
interſe& the right Circle B D in A, making an Angle, BAC, 
of 68. 30, and complete the required Triangle ABC. 

The three Parts lying together, with no Part between them, 
r. the right Angle, which is always excepted) this is an 

xtreme conjunt?, and the middle Part A B is to be found 
then, by the firſt Rule, and its Note, 55 


As the Radius 


Is to the Tangent of the Extreme B C, 64. 10“, 10. 315032 
do is the Co- tang. of the other Extreme BAC, 68. 30, 9.595 398 


To the Sine of the middle Part A B, 54 28, 9.910430 
The Baſe A B may be meaſured by Prob. 43, Caſe 2. 


£4 


10. 


Prob. 


* 
7 
— 
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Prob. 74. In the right- angled ſpherical Triangle A B C, 

right-angled at B, giuen the Perpendicular. B C 64e. io“, and 

the Angle at A 685. 300, to find the Hypothenuſs A C. 
See the Figure of the laſt Problem, the Conſtruction being 


the ſame. 
The Baſe lying between the two giyen — BC and the 


Angle B A C, this is an Extreme disjunct, and the Hypothenuſe 
AC, the Part to be found, is one of the Extremes; ; therefore, 


by the fourth Rule, and its Note, 


As the Sine of the Extreme BAC, 685. 300% Co. Ar. o. 031 322 


Is to the Radius, 10. 
So is the Sine of the middle Part BC, 64. 10”, 9 954274 


, * 


To the Sine of the Hypothenuſe AC, 7520, 9. 985 596 
The Hypothenuſe AC may be meaſured by Prob. 46. 


Prob. 75. In the right: angled ſpherical W 4 B C, 
right-angled at B, given the Perpendicular BC 64 10, and 
the Angle at A 68. 30“, to find the Angle at C. 

The ſame Parts being given as in the two laſt Problems, the 


Conſtruction is the ſame. See the Figure at Prob. 73. 

The Hypothenuſe A C lying between the two Angles BA C 
and BCA, this is an Extreme disjun?, and the required Angle 
at C is one of the Extremes; therefore, by the third Rule, 


and its Note, 
As the Co- ſine of the Ladens BC, 64. 10, Co. yo ws 3605 5B 


Is to the Radius, — — | 


So is the Co- ſine of the middle Part BAC, 689. 3* 1 1.564075 


To the Sine of the Angle at 8 57. 16, — 9.924833 33 


The Angle at C, made by the oblique Circle CAE inter- 
ſecting the primitive Circle at the Point C, may be meaſured 


by Prob. 54. 


Prob. 76. In the right-angled ſpherical Triangle A B E. 

r:ght-angled at B, given the Perpendicular B C 64“. 10 ; and 

the Baſe AB 5428, fo find the Hypothenuſe A C. 
Comftruftion. With the Chord of 60, draw the primitive 


Circle BCDE ; thro' the Pole or Center draw the right 
Nn Circle 
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Circle BD; take 64. 100. from 1 
the Line of Chords, and lay it N 
from B to C; draw the right 
Circle voh and 28 2 I 
right A with the right Circle 

FOG; by Prob. 42, Ee, h. Gf— _—_ —P 
on the right Circle BD-54*. 28, gt” 

from B to A; 2 rob. 17, 
draw an oblique Circle thro* the 
three Points C, A, E, and the Tri- 
angle A BC is completed. 


Ihe Angles lying between the two given Parts and the Part 
required, it is an Extreme disjun#, and the middle Part AC 
is to be found ; therefore, by the third Rule, and its Note, 


As the Radius 


Is to the Co- ſine of the Extreme A B, 54% 28, 9.764308 
So is the Co- ſine of the other Extreme BC, 64. 10, 9.639242 


To the Co ine of the middle Patt A C, 73%. 20, 9.403550 
The Hypothenuſe may be meaſured by Prob. 46. 


Prob. 77. Ii the right-angled ſpherical Triangle A BC, 
right-angled at B, given the Prrdebdiculer B C 64*.10', and 
the Baſe AB 54 287, to find one of the Angles, as C. 


See the laſt Figure, the Conſtruction being the ſame as in 
the laſt Problem, 


No Part lying between the two given Sides and the Angle 
required, it is an Extreme conjuntt, and the Angle at C, one 


of the Extremes, is to be found; whence, by the ſecond Rule, 
and its Note, 


As the Tangent of the Extreme A B, 54. 28, 10.146198 
Is to the Radius, | 10. 


So is the Sine of the middle Part BC, 64. 10”, 9.954274 


To the Co- tangent of BCA, 57. 16, — 9.808076 


The Angle at C, made by the oblique Circle C A E inter- 
ſecting the primitive Circle at the Point C, may be meaſured 
by Prob. 54. | 


— 


If 
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If the ſame Things are given, and the Angle at A required, 
it is ſtill an Extreme conjunct, and the Baſe A B is now the 
middle Part; to find which, by the firſt Rule, and its Note, 
the Proportion is as follows: | 


— —_ — 


As the Tangent of BC, 64. 10”, — 10.375032 


Is to the Radius ——— — 10. | 
So is the Sine of AB, 54. 28, — 9.910506 
2 — 

19.9 1050 

10.315032 


— — ou” 


To the Co-tangent of B AC, 68% 30, — 9.595474 


The Angle at A, made by the right Circle B A D and 
oblique Circle CA E interſecting each other at the Point A, 
may be meaſured by Prob. 55. ; 


Prob. 58. In the right-angled ſpherical Triangle A BC, 
rigbl. angled at B, given the Angle at A 68. 30“, and the 
Angle at C57 167 to find the Hypothenuſe A C. 


Conſtruction. With the Chord of 
60®, draw the Circle ECFD; 
and, thro' the _ on” wa | 
draw the right Circle C D, at B 
Pleaſure, and croſs it at right Bp 
Angles with the right Circle EF; E 
by Prob. 48, draw an oblique 
Circle, CAD, to make an Angle 
of 57. 16“, with the primitive 
Circle, at the Point C; by Prob. 9 — 

40, find p, the Pole of the oblique D 

Circle CAD; a Ruler, being 3 

laid from C to p; will cut the primitive Circle in 3; on the 
primitive Circle, from 5 to 9, ſet 689. 300; the given Angle 
at A; then draw the right Circle gr, perpendicular to which 
draw the right Circle B G, interſecting the oblique Circle 
CAD in A, making an Angle, C A B, of 689, 30“, and 
ABC is the Triangle required, 


Nn 2 2 The 
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The three Parts lying together, this is an Extreme comjunt?, 
and the H ypothenuſe A C is the middle Part; . by 


the firſt Rule, and its Note, 
As the Radius 


Is to the Co-tangent of BA C. 68 30, — 9.59 5398 
So is the Co- tangent of BC A, qe 160 3 2 


To the Co- Sine of the middle Part A C, 7 5 200%, \ 9. 403481 
„ — A C may be meaſured by Prob. 46. 


| — — 10. 


Prob. 79. FY the right-angled ſobirical Triangle ABC, 
right-angled at B, given the Angle at A 689. 30', and the 
1 at C 57 167, to find one of the Legs, as the Baſe A B. 


* "The Conſtruction is the lame as in the laſt Problem. See the 
Figure there. 

The Hypothenuſe AC lying between the given Angles, it 
is an Extreme digund, and the Baſe A B is one of the Ex- 
tremes ; therefore, by the fourth Rule, and its Note, 


As the Sine of the Extreme BAC, 68 30, Co. Ar. 2 037322 
Is to the Radius, | 
So is the Co- ſine of the middle Part BCA, 57*. 160 85 732980 
To the Co- ſine of the Baſe A B, 54. 28, — 9. 764302 | 


The Baſe A B may be meaſured by Prob. 43, Caſe 2. 


If the Perpendicular B C had been required, it would ſtill 
have been an Extreme disjundt; but the Angle at A would 
then have been the middle Part, and the Perpendicular might 
be found by the fourth Rule, and its Vote; thus, 


As the Sine of the Extreme BCA, 57. 16“, Co. Ar. 0.075102 
Is to the Radius, — 10. 
So is the Co- ſine of the middle Part, BAC, 68. 30, 9.564075 


To the Co · ſine of the Perpendicular B C, 64 10”, 9.639177 


of 


Of Oblique Spherical Trigonometry, | 


The two firſt Caſes of oblique-angled ſpherical -T riangles 
are ſolved by this Axiom : The Sines of the Sides of all ſpherical 
Triangles are in Proportion to the Sines of their oppoſite Angles. 


Prob. 80. In the oblique-angled ſpherical Triangle A B D, 
given the Angle BD A 64. 15, the Angle BAD 599. 47', 
and the Side BD 41* .21', oppoſite to one of the given Angles, 
to find the Side B A, oppoſite the other given Angle. 


Conftruction. With the Chord 
of 60, deferibe the primitive 
Circle AEF D; at any Point, 
as D, of the Periphery, by Prob. 
48, draw the oblique Circle DE, 
ſo as to make an Angle with 
the primitive Circle, at D, of 
64. 15, and lay 47 21 
on this oblique Circle, by Prob. F 
45, from D to B; thro* B, by | 
Prob. 48, draw an oblique Circle, | 
ACF, to make an Angle, DAB, E 
of 59. 47 with the primitive 
Circle, and form the oblique Triangle A B D. 

Here being given the Angle at A, oppoſite the given Side 
BD, and the Angle at C, oppoſite the required Side B A, this 
may be found by the following Proportion, founded on the 
above Axiom: 


As the Sine of BAD, 59? .47', — Co. Ar. 0.063422 
Is to the Sine of the oppoſite Side BD, 47*.21', 9.866586 
So is the Sine of BD A, 64 15, 90.954579 


To the Sine of the oppoſite Side A B, 50. 3“, by 9.884587 


The Side A B, being Part of the oblique Circle A B F, may 
be meaſured by Prob. 46. 


Prob. 81. In the oblique-angled ſpherical Triangle ABD, 
given the Side AD 74*. 20”, the Side A B 65. 34, and the 
Angle at D 59. 50, to find the Angle at B. 

Conſtruction. With the Chord of 60, deſcribe the primitive 


Circle HD AI; on which lay 74. 20 from any Point 
Sas 1 aſſumed 
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aſſumed, as A, to D, and draw 
the right Circles D CI and 
AC H; at the Point D, by 
Problem 48, draw an oblique 
Circle, D B I, fo that it may 
make an Angle, IDA, of 
9, . 50' with the primitive 
de; take 65. 34 from 
the Line of Chords, and ſet 
from A, both Ways, to & and 
c; by Prob. 42, Caſe 2, lay 
652. 34 from A to a, on the 
* Circle A CH; thro' the three Points b, a, and c, by 
Prob. 17, draw the parallel Circle 4 a c, interſecting the 
oblique Circle DI in B; laſtly, by Prob. 15, draw an oblique 
Circle thro? the Points H, B, and A, and the Triangle ABD 
is the Triangle required, 

But here it is to be obſerved, that the parallel Circle bs c cuts 
the oblique Circle DI in two Places, ©1Z, in B and , whence 
the Caſe is ambiguous ; for it can't be determined whether the 
Triangle A B D or the Triangle A 5 D be the true Solution, 
fince the Side A s is 65®. 34 as well as the Side A B, as may 
be found by meaſuring them, as taught in Prob. 46 ; and this 
is always the Caſe when the Side oppoſite the given Angle is 
leſs — the other given Side. 

In the oblique-angled Triangle A B D, we have the Side 


A B oppoſite the given Angle at D, and the Side AD oppolite 
the required Angle at B; therefore, 


As the Sine of the Side A B, 65. 34, Co. Ar. 0.040747 
Is to the Sine of the oppolite Angle” ADB, 59. « 5O', 9. 93079 
So is the Sine of the Side A D, 74 200 — 2 3550 


To the Sine of its oppoſite Angle ABD, 66.7, - = g61 104 


The Angle at B, being made by the Interſection of the two 
oblique Circles HB A and DBI, may be meaſured by 
Prob. 56. 


Prob. 82. In the Ae ſpherical Triangle A B D, 
given the Side A D 45 3⁰ . the Side A B 48% 50', and 
the included Angle at A 54. 19“, to find the 8 ide DB. 


Conſtructipn. With the Chord of bo, draw the primitive 
Circle A DEF; from any Point aſſumed, as A, ſet off 


1 | 45* . 30 
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45%.36' to D, and draw DF 
and AE; by Prob. 48, draw an 
oblique Circle, E B A, to make 
an Angle of 54 19“ with the 
primitive Circle, in the Point A; 


and, by Prob. 45, lay 48%. 50 


on this oblique” Circle, from A to 
B; laſtly, thro' the Points D, B, 
and F, by Prob. 17, draw the 
oblique Circle D B F, and the 
Triangle ABD will be the Tri- 
angle required. 
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In order to ſolve this Problem, and moſt of the followi 
Caſes, it is neceſſary to let fall a Perpendicular, which m 
always fall from the End of a given Side oppoſite to a given 
' Angle, The Side on which the Perpendicular falls is uſually- 
called the Baſe : And, if the Angles at the Baſe are, either 
both more, or both leſs, than g0®, the Perpendicular will 
fall within the Triangle, and divide it into two right-angled 
Triangles: But, if one of the Angles of the Baſe is leſs than 
g0®, and the other greater, the Perpendicular will fall without 
the Triangle, and, by that Means, add a right-angled Triangle 
to the given oblique Triangle: In both Caſes, the Parts may 
be found by the Rules laid down in the ſeveral Caſes of 
right-angled ſpherical Triangles, from Prob. 64 to Prob. 79, 


incluſive, , 


In the preſent Caſe, a Perpendicular, being let fall from D 
on the Baſe A B, will divide the Triangle AB D into two 
right-angled Triangles, AD G and BD G, both right-angled 
at G. To do this, find p, the Pole of the oblique Circle 
E B A; then, by Prob. 17, draw the oblique Circle D p F, 
which falls from D, the End of the given Side A D, oppoſite 
the given Angle at A, and is perpendicular to. E B A, the 
Circle on which it is to fall, becauſe it paſſes thro? its Pole p. 


Now, in the right-angled Triangle AD G, we have the 
Side AD 45. 36', and the Angle at A 54. 19', to find the 
Perpendicular D G; and, the Angle A D G lying between 
the given Side A D and the required Side D G, it is an 
Extreme disjunft, and D G is the middle Part; whence, by 


the third Rule, and its Mete, 


As 


ö 
| 
| 
| 
| 
| 
| 
| 


—ͤ—— — — — — be 


— ——Io——— ꝶ— — —_—_—__j—_ a — - — 
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As the Radius e — 10. 


| Is to the Co- ſine of A D, 459 . 36”, — 9.844889 


So is the Sine of DAG, 54 9, — 9.909692 


To the Sine of D G, 34. 38”, — 5 9.7 54581 


To find the Side A G in the fame Triangle A D G; the 
ſame Things being given, it is an Extreme conjunct, and the 
Side A G is one of the Extremes; whence, by the ſecond 
Rule, and its Vote, | being: fea; 


As the Co-tangent of AD, 45%. 36, — Co. Ar. 0.009097 
Is to the Radius, — — ͤ Jos 5 


So is the Co- ſine of DAG, 54. 19 — 9.765896 


— 


— 


To the Tangent of A G, 30. 14, — 9.7 74993 


Then ſubtract A G 30, 13” from AB 48 50“, and the 
Remainder is B G 18. 37' : Then, to find the Hypothenuſe 
D B, in the right-angled Triangle B D G, we have the Per- 
pendicular D G 34. 38“, found by the firſt Proportion, and 
the Side B G, by the laſt: Now, the Angle at B lying be- 
tween B G and BD, it is an Extreme digun#?, and the 
Hypothenuſe_ B D, the middle Part, is required; therefore, 
by the third Rule, and its Note, 


As the Radius — 10. 


— 
— 


Is to the Co- ſine of DG, 34 38“, 1 9.915297 
So is the Co- ſine of BG, 18. 37, — 9.976660 


To the Co- ſine of D B, 39% 47, — 9.891957 


The Side D B, being Part of the oblique Circle D B F, 
may be meaſurec by Prob. 46. 


A Perpendicular might have been let fall from the angular 
Point to the Side A D, by drawing a right Circle thro* the 
Pole of the primitive Circle, as the Side A D, on which it 


would fall, is a Part of the primitive Circle : By this Means, 
the Side D B might have been found in the ſame Manner. 


Prob, 


* | | 
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Prob. 83. In the oblique-angled ſpherical Triangle A E F, 
given the Side A E 72%. 34, the Side A F 53. 12, and the 
included Angle at A 47* 32, to find the Angle at E. 
There being the ſame Things given as in the laſt Problem, 
the Conſtruction is the ſame. | | 


If a Perpendicular- is let fall 
from the angular Point at F, 
on the Side AE, which is done 
by drawing a right Circle thro” 
C, the Pole of the primitive 
Circle, and F, then will the 
oblique Triangle E F A be di- 
vided into two right-angled 
Triangles, A F H and EFH, 
both right - angled at H: In the 
Triangle A F H there is given 
the Hypothenuſe AF 53. 12, | 
and the Angle at A 47*.32', to find the Perpendicular FH. 


The Angle AFH lying between the given Part A F and 
the required Part F H, it is an Extreme digund, and the Per- 
pendicular F H is the middle Fart; therefore, by the third 
Rule, and its Note, | | | | 


As the Radius — — 


Is to the Sine of AF, . iz, — 
Bo is the Sine of FA H, 47. 32, — 


To the Sine of the middle Part F H, 36. 12, 9.771349 


To find the Side A H, the ſame Parts being ſtill given as in 
the laſt Calculation, it is now an Extreme conjunc, and A H, 
one of the Extremes, is required; by the ſecond Rule, and 


its Note, 
As the Co-tangent of the Hypothenuſe AF, C Co, Ar. 0.126043 


53+ 12', ns RE 
Is to the Radius, | 10. 
So is the Co- ſine of the middle Part FA H, 47. 32, 9.829407 


6— GE 22 — 0 OT 


To the Tangent of A H, 42*. 4's 9.955450 
O a- Which 


— — — 
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Which being ſubtracted from A E 72“. 34', there remains 
HE 30“. zo“; therefore, in the right- angled Triangle EFH, 
we have given the Side F H 30%, 12“, and the Side H E 
30. 30“, to find the Angle at E; which is an Extreme con- 
June, and the Angle at E, being one of the Extremes, is found 
by the ſecond Rule, and its Note : 


As the Tangent of FH, 36% 12, — Co. Ar. o. 135555 
Is to the Radius, 
So is the Sine of the middle Part HE, 30“. 300, 9. 70469 


To the Co-tangent of the Angle at E, 55%. 15 , "ok 841024 


| The Angle at E, being made at the Periphery of the pri- 
mitive Circle by the ab Circle DFE, may be meaſured 
by Prob. 54. 


Prob. 84. In the oblique 2 Triangle RS T, given 
the Angle at R 82. 19 Angle at T 59. 10“, and the 
Side T8, oppoſite one if 'the given Angles, 69. 18“, to find 
the third Angle at 8. 


The ſame Parts being given here as in Prob. 80, the Con- 
ſtruction will be the ſame. 
And, if a Perpendicular is let 

fill from either End of the given 
Side T 8, as 8, on the oppoſite 
Side TR, which Perpendicular * 
will be a right Cirele, drawn 

thro' the Pole of the primitive 

Circle and the Angle at 8, the 
oblique Triangle RS T will be 
divided into two right- angled 
Triangles, T Sa and RS a, 
both right-angled at a : In the 
"Triangle T8 a, there is given 
the Side T 8, and the Angle at 
T, to find the SideS 4; therefore it is an Extreme digun?, 
and the Side 8 a, which is the middle Part, is found by the 
third Rule, and its Note. 


As the Radius — — 10. 


Is to the Sine of TS, 69. 18“, — 9.97 1018 
So is the Sine of ST a, 59. 100, — 9.933822 


To the Sine of the middle Part 8 4, 33 „26, 9.904840 
EE I To 
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To find the Angle T Sa: In the ſame 3 T Sa, we 
have given the ſame Parts as before, to find the Angle T 8 2; 
which is an Extreme conjund, and the Angle at S is one. of 
the Extremes; therefore, by the ſecond Rule, and its Note, 


As the Co- tangent of 8 T a, . IO, Co. Ar. o. 224092 
Is to the Radius, 
80 f is the Sine of the middle Part TS, 699. 180 , 2 548 359 


To the Co-tangent of T Sa, 59. 22, — 9.772451 


Having found the Angle T Sa, we are next to find the 
Angle RS &, the other Part of the required Angle RS T; to 
find which, we have, in the Triangle RS 4, right-angled at 2, 
given the Side 8 a, before found, and the given Angle T RS, 
or, which is the ſame, the Angle 4 RS; which is an Extreme. 
digjun, and, the Angle at R being the middle Part, the 
Angle T8 2, which is to be found, is one of the Extremes; 3 
therefore, by the fourth Rule, and its Note, | 


As the Co- ſine of 8 a, 53. 26, — Co. Ar. 0.224930 
Is to the Radius, — — 10. 
So is the Co- ſine of aR S, 82» 19 — 9.126125 


To the Sine of R S4, 12%, 58“, By 


9.35 1055 


To this adding the Angle T Sa, found before, it makes the 
Angle TSR 72“. 20“, which, being made by the Interſeftion 
of two oblique Circles, may be meaſured by Prob. 56, Caſe 2. 


Prob. 8 5. In the oblique-angled ſpherical Triangl ADB, 
given the Side AD 79* - 25, the Side A B 72 360, and the 
Angle at B 54. 29', to find "the third Side D B. 


The ſame Parts being given here = 
as in Prob. 81, the Conſtruction | 
will be the ſame. And, to let fall & 7 EN 
a Perpendicular from the Angle at oh A 


A, on the Side B D, find p, the 
Pole of the Circle B D E; then, 
thro? the three Points F, p, A, draw 
the oblique Circle F p A, Which 
will be perpendicular to the oblique 
Circle BD E, and divide the Tri- 
angle B A D into two right-angled 


Triangles, Aa B and Aà D, "my 1 at a: la the 
G0 2 Triangle 


* 
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Triangle A & B, there is given the Side A B, and the Angle 
at B, to find the Perpendicular Aa; which being ſeparated 
from the two other Parts, it is an Extreme disjuntt, and the 
Part required is the middle Part ; therefore, by the third Rule, 
and its Note, | 

As the Radius 4 10. 


| 5 to the Sine of the Hypothenuſe AB, 729. 36 9.979658 
80 is the Sine of @ BA, 54 . 29, — 9910596 


To the Sine of the middle Part à A, 50%. 58”, 9.890254 


To find Ba: With the fame Parts given, the Part of the 
Bafe 4 B may be found, this being an Extreme conjunct, and 
the requited Side is one of the Extremes; therefore, by the 
fecond Rule, and its Note, 9274 | 


As the Co-tangent of A B, 72. 16”, Co. Ar. 0.495146 
Is to the Radius, — — 10. 
So is the Co- ſine of the middle Part à BA, 54. 29, 9.764131 


To the Tangent of e B, 61. 10, — 10.489277 


In the right-angled Triangle A a D, we have given the 
Hypothenufe A D, and the Perpendicular a A, found . before, 
to find a D, the other Part of the required Side B D, which is 
an Extreme digjun#, and the required Side is one of the Ex- 
tremes; therefore, by the fourth Rule, and its Note, 


As the Co- ſine of Aa, 50. 58% — Co, Ar. 0.200816 
Is to the Radius, — — 10. 
So is the Co- ſine of A D, 79%. 25%, _— 9. 264027 


To the Co- ſine of a D, 73. 27, — 9.464843 


This, beidg added to a B 61. 107%, before found, is 
134. 14“, the Side B D, ſought, which may be meaſured 
by Prob. 46. | 


Prob. 86. In the oblique- angled ſpherical Triangle D E F, 
given the Side DE 79%. 56“, the Side E E 66“. 29, and the 


PR”. 


Angle at D 62. 40“, to find the Angle at E. 


Cunſtrudt ion. With,the Chord of 60®, deſcribe the primitive 
Circle AEDB; dnw a right Circle, AD, at Pleaſure; 
from 
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from D. lay 79. 56 to E, and 0 e. E ann 
draw the right Circle EB. D 
which croſs at right Angles 
with the right Circle st; by 
Prob. 48, draw the oblique / 
Circle A F D, to make an A 


Angle of 62. 40 at the Point 

D; by Prob. 61, draw the 
parallel Circle 5 Fe 23. 37» 
the pms Os F, diſtant 1 
from t, interſecting AFD : 

in F; Laſt! „ thro” "Ms thts 5B | 
Points E, F. B, by Prob. 17, draw the oblique Circle E F B, 
which forms the required Triangle DEF. Draw an oblique 
Circle from the Angle at E, thro? p, the Pole of AF D, to B, 
which will be perpendicular to A F D, and fall without the 
Triangle on the Baſe D F, produced at the Point a ; by which 
is found the right-angled Triangle a E D, right-angled at a; 
in which is given the Side DE, and the Angle at D, to find 
the Perpendicular a E: This is an Extreme disjun#, and 
2 E is the middle Part; therefore, by the third Rule, and 
its Note, | Har Fad 


* 


As the Radius — 183 


7 — 


Is to the Sine of the Hypothenuſe ED, 79%. 56, 9.993262 
So is the Sine of a DE, 62%. 440 —— 9.948584 


To the Sine of the middle Part aE, 61% — 9.941846 : 


The ſame Parts being given, in the ſame right-angled Tri- 
angle E a D, to find the Angle 2 E D, will be an Extrem- 
conjun#t, and the required Angle at E is one of the Extremes; 
therefore, by the ſecond Rule, and its Note, | 


As the Co-tangent of a DE, 62% 400, Co. Ar. 0.286614 
Is to the Radius, 10. 
So is the Co- ſine of the middle Part ED, 79. 56, 9.242526 


To the Co- tangent of à E D, 71%. 19%, — 9.529 130 


Having found the Angle a E D, to find the Angle 4 E F, 


in the Triangle E @ F, right-angled at a, given the Hypo- 
thenuſe E F 66. 295, and the Perpendicular aE 619, 
f before 
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before ſound; whence this is an Extreme conjunct, and the 


middle Part is therefore, _—_ yy firſt Rule, Wo 
its Note, | 


As the Radius — 2 1 « a 


Is to the Co- tangent of E F, 66*%.29, — _ 9.6 8647 
So is the Tangent of a E, 615 5 f ES. [En | 


| Ms 


To the Co. ine of a EF, 38.17 — 9394895 


This, being ſubtracted from the Ang gle © a.E D, before found, 
leaves the required Angle FED 3 ” ; which, being made 
at the Periphery of the primitive Eicke 6 by the oblique Circle 
EFB, may be meaſured by Prob, 54. | | 


Prob. 82. In the oblique-angled yk) Triangle B DE, 
given the Side B N 355 27, the Side, B E 82. 10, and 
the Angle at D 79. 44 t find the third Side E D. 


The fame Parts being given 
as in Prob. 8 , the Conſtruction 
of the Triangle E BD is the eee D 
fame. And, to let fall a Per- * NAN 
pendicular from the Angle at B, 
* Side D E, find 55 the 
e of the oblique Circle BEA 
then, thro' the three Points A. 
f, B, draw, by Prob, 17, the 
oblique Circle Ap F B, which 
will be perpendicular to DE C, 
and divide the Triangle BD E 
into two right-angled Triangles, E BF and B DF, both 
Tight-angled at F: In the Triangle DB F, is given the Side 
B D, and the Angle at D, to find the Perpendicular BF; 
which, being an Extreme digjuntt, and the required Part B F 
being the middle Part, may be found by the third Rule, and 
its Vote, 


As the Radius 


, Is to the Sine of the Hypothenuſe B D, 359 27, 9.763422 | 
So is the Sine of BDF, 79%. 444, — 9.992990 


To the Sine of the middle Part, BF, 34 48, 9.756412 
| And, 


10. 
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And, in the ſame Triangle, from the Fr Parts given, to 
find the Side D F, will be an Extreme conjunct, and D F, the 
Part required, is one of the Extremes; * by the 


ſecond Rule, and its Note, 


As the Co-tangent of B D, $99 297g} — 10.147 534 
Is to the Radius, —— — 10. " 
So is the Co- fine of B DF, 79%.44', — 9.250980 
To the Tangent of DE, 79. 14, 9. 103446 


Now, in the Triangle B F E, right-angled at F, having 
found BF, and the Side B E being given, the Side E F may 
be found by the fourth Rule, and its Note, ſince it is an 
Extreme disjun#, and E F is one of the Extremes; therefore, 


As the Co- ſine of BF, 34%. 48, — Co. Ar. o. o8 557 8 
Is to the Radius, — — 10. 
So is the Co- ſine of BE, 829. 100%, . 134470 


To the Co- ſine of E P, 809k. 265 — 9. 220048 


Then D F and F E, being added together, make 87. 40” 
for the required Side ED; 3 which, being a Part of an oblique 
Circle, may be meaſured by Prob, 46. 


Prob. 88. In the oblique- angled ſpherical Triangle RS T » 
given the Angle at R 73. 42, the Angle at 8 45%. 36", and 
the Side RS 52. 28 to find an oppoſite Side, as 8 1 


Conflruftion. With the Chord 
of 60% draw the primitive 
Circle P QRS; from any 
Point, as S, ſet off 5$2*,.28" 
from $toR ; ; then, by Prob. 
48, draw an oblique Circle, 
RTP, to make an Angle at 
R of 73. 42“; and, by the 
ſame Problem, draw another 
oblique Circle, QT 8, to 
make an Angle at S of 45 3067, 
. former oblique 
Circle in T, and thereby forming the Triangle T RS. To 
let fall a perpendicular from the Angle at R, on the Side ST, 

nd 
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find p, the Pole of the oblique Circle; then, thro' the three 
Points R, p, P, draw, by Prob. 17, the oblique Circle Ry P, 
which will be perpendicular e QI 8, and divide the Triangle 
RS T into two right-angled Triangles, à RT and aRS, both 
right-angled at a- In the Triangle RS a, given the Side R &, 
and the Angle at 8, to find the Perpendicular à R; which, 
being an Extreme disjunt?, and the Side a R the middle Part, 
may be found by the third Rule, and its Note : X 


As the Radius mo —— — 10. 


— — 


Is to the Sine of the Hypothenuſe R 8, 52 28 9.890273 
80 is the Sine of aST, 45% 6, — 9853966 


— Tl 
> a 


— 


. 
— yd 


To the Sine of the middle Part a R, 34. 31, 9.7532 


In the ſame Triangle, the ſame Parts being given, the Side 
428 may be found by the ſecond Rule, and its Note, fince it is 
an Extreme conjun??, and the required Side @$ is one of the 
Extremes ; therefore, | 


As the 9 of RS, 52. 28, — Co. Ar. o. 114496 
Is to the Radius — 10. 
Bo is the Co- ſine of the middle Part aSR, 45. 36, 9.844889 


To the Tangent of 48, 42 Ig”, — 9.959385 


In the ſame Triangle, given the Side RS, oppoſite the right 
Angle at a, and the Side à 8, found by the laſt Proportion, 
oppoſite the Angle a RS, the next Part to be found ; this may 
be obtained by the general Axjom ; thus, 


As the Sine of RS, 52. 28, — Co. Ar. o. 100727 
Is to the Radius, — — 10. 
So is the Sine of 48, 42 19, — 9828762 


To the Sine of a RB, 58. 6“, 9.928889 


This being taken from the given Angle T RS 73. 42, 
there remains 15. 36”, for the Angle T Ra; therefore, in 
the right-angled Triangle a RT, we have the Angle T R= 
25% 36“, and the Side a R 34. 31“, to find the Side aTz 
which lying together, with nothing betwixt them but — 

rig 
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right Angle, it is an Extreme conjund?, and a T is one of 
the Extremes ; therefore, by the ſecond Rule, and its Note, 


As the Co-tangent of T R, 15%. 36, — 10.554077 


Is to the Radius, — — — 10. | 
Sq is the Sine of a R, 34*. 31, the middle Part, 9.753312 


Which being added to the Side 8 4 42%. 1075 before found, 
makes 51”, ; $* the Side T'S, required. | k wh 


: 1 a 


Prob. 89. In the oblique-angled ſpherical Triangle DEF, 
given the Angle at D 63%. 45, the Angle at E751*.49, and 
the Side DE 86. 2 55 to find the third Angle at F. 


The ſame Parts being given 
here as in the laſt Problem, the 
Conſtruction is the fame. The 
Perpendicular E= B, being let 
fall from the Angle at E, on 
produced in 6, making the two 
right - angled Triangles 5 ED 
and bEF: In the Triangle 
ED, given the Side E D, 
and the Angle at D, to find the | 
Perpendicular þ E; which is an i; 

Extreme disjun#, and the Side 5 E is the middle Part; there- 
fore, by the third Rule, and its Note, Rf B19 "ORE 


As the Radius — — 10. 


Is to the Sine of the Hypothenuſe ED, 86. 25 10 9.9901 50 
So is the Sine of ö DE, 6345, — 9.952731 


„ — In 


To the Sine of the middle Part þ E, 63. 31, Ve 9.951881 


And, in the ſame Triangle, from the fame Parts given, to 
find the Angle h E D, is an Extreme conjund, and the required 
Angle is one of the Extremes; therefore, by the ſecond Rule, 

| P p As 


— —ñ—'4geñ—ä— 2 ——  — — — — 


Circle EDA; and, thro' the Points B, D, und F, _ 
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As the Co- tangent of b D E, 63e, 45, Co. Ar. 0.307025 
Is to the Radius — 10. 
So is the Co- ſine of the middle Part ED, 86“. 25 » 8.798881 


8989 * 


To the Co-tangent of þbE D, 82. 47“, — 9.102906 


From which ſubtract the given Angle FED 646 45, and 
the Remainder is the Angle % EF 19%.2'. Then, in the 
Triangle b E F, Tight-angled àt h, given the Side 5E, and the 
Angle b EF, to find the Angle þ F E, the Supplement of the 
required Angle D F E to 180%; this is an Extreme disjuntt, 
and the Angle bFE is the middle Part; 2 by the third 
Rule, and | its * 


® 
* * 8 » * Y ” 
©. ; " 0 4, +4 by _ A 9 8 
1 % a 4 8 
FA the f 10. 
Radius | 4 * 0 . % * ; , 4 8 7 " " ** 
o * . 


Is to the Co-fine of E. 63% 31 | 
80 is the Sine of ö EF, 19* 25 755 


| _ 649781 
| 9-513375 
To the Co-ſine of the middle Part b F E. To ; 21 5 00 1637 56 


This being ſubtracted "hah, 180 the LE is the 
required Angle DF E 98“. 39 which, being madecby the 
Interſection of two oblique Eirele at F, may be ee by 
by Prob. 56, Caſe 2. 

\: EF 1. 


Prob. 86. 5 the — br 7 Triang i A B D, 
given the Side A B74. 20', the Side BD 384465 aud the 
Side A D 47“. 38“, to find an 241 as the ru at "A." ' 


Conſtruction. With the Chord 
of 60®, draw the Circle ABEF; 
draw, at Pleaſure, the right 
Circle E CA; lay 74 
from A to B, and draw B F; 
by Prob. 61, draw a Circle, 
a Db, at 47 *. 38 diſtant from 
Az; alſo, by the ſame Problem, 
draw d Dc, at 589. 46 diſtant 
from B, which will interſect 
the former in D; laſtly, thro 
the Points A, D, and E, by 
Prob. 17, draw the oblique 
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fame Problem, draw the oblique Circle B D F, which will 
complete the Triangle A B D. | . 
„Here being no given Angle, the Perpendicular muſt be let 
fall oppoſite to the required Angle at A; therefore, thro' D, 
and C, the Pole of the primitive Circle, draw the right Circle 
C De, which will be perpendicular to the primitive Circle: 
Make # f equal to A e, then will AB be the Baſe, and 7B 
the alternate Baſe; to find which, add the two Sides A D 
and BD together, and take the Half of their Sum ; then ſab- 
tract the leſſer Side A D from the greater Side B D, and take 
Half the Difference; alſo take Half the Baſe AB: 


58. 4% BB DPD. 749 20 Baſe A B. 
7 . $8 AD 4 ——=Xz 


— 37 + 10 Half, 
106 . 24 Sum. | 


53 . 12 Half-Sum, 


11 . 8 Difference, 


3 424 Half- Difference. 


Having the Half of the Baſe A B, and Half the Sum and 
Difference of the Sides A D and D B, the alternate Baſe B/ is 
thus found: _ | 


As the Tang. of Half the Baſe AB, 37 10, Ar. 0.120259 

Is to the Tangent of Half the Sum of the Sides, ? . 43 
33 30 

So is the Tangent of Half the Difference of the 9.0888 
„ mlb rn 1 8.988842 


To the Tangent of Half Bf, the alternate Baſe, 


9 


Which, being added to Half the Baſe A B 379. 10”, is the 
Side Be 46. 55, the Baſe of the right-angled Triangle 
B De; and, being ſubtracted from the Half-Baſe, the Re- 
mainder is A e 27% 25, the Baſe of the right-angled Triangle 
A De; in which there is given the Side A D 479. 38, and 
the Side A e 27%. 25”, to find the Angle at A; which is an 
Extreme conjun, and the Angle at A is the middle Part; 
therefore, 1 75 

Pp2 _ 


K 


19.235744 


— — — OOO 


= 
a — — — 
— — — — 
: 


Is to the Co-tangent of AD, 45*.38', — 80 9.96002 3 
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As the Radios to. 


— 


So is the Tangent of Ae, 27 25, — 9.714933 
To the Co- ſine of the Angle at A, 61. 46, — 9.674956 


This Problem may be ſolved another Way, without drawing 
a Perpendicular: Thus, Add the three Sides t er, and take 
Half the Sum; then ſubtract each of the two Sides containing 


the Angle from the Half-Sum : 


74. 20” AB. 9oꝰ. 22 Half. Sum. 90*., 22 

58 . 46 BD. 74 . 20 AB ſubtract. 47 . 38 AD. 
47 . 38 A ; — — 
— I6 . 2 Remainder, 42 44 
180 . 44 Sum. 


90 . 22 Falſ-Sum. 


Then add the Sines of theſe Remainders, viz. 16 2, the 
Difference between Half the Sum of the Sides and A B, and 
42% 44, the Difference between Half the Sum of the Sides 
and the Side' A P, to the arithmetical Complements of the 
Sines of the two Sides containing the required Angle ; Half 
that Sum is the Sine of Half the required Angle, which, being 
doubled, gives the required Angle at one Operation: 


— 


Sine of 169. 2” —b 9.441218 
Sine of 42% 44” — 9.831606 
Sine of 74%. 20 — Co. Ar. 0.016442 

— Co. Ar. 0.131446 


Sine of 47% 38 


Sum — 19420012 


— 


Sine of 30 53 9.7 10356 
: £ 12 Fs 


| ** 46 Angle B AD, as before. 


The Angle at A, being made at the Petiphery, may be 
meaſured by Prob. 54: The other Angles may now be found 
by the general Axiom, Page 277 ; by which the Angle BD A 
will be found to be 67. 28, and the Angle DBA 49 35”, 
which the Learner may try for his Improvement. pA 

; Io b. 


Spherical Trigonometry. 
Prob. 91. In the obligue- angled 
ſpherical Triangle A D E, given 
the Angle ADE 379. 19“, the 
Angle AED 62. 25, and 
the Angle D AE 49%. 54, 1% 
find the Sides. BY 


The Way to conſtruct this 
Problem is to conſtruct, by the 
laſt Problem, a Triangle whoſe 
Sides mall be equal to the given 
Angles, as the Triangle ADE; 
where AE is 37* 197 KAD | 
is 62. 25, and ED is 49. 54“: Now, by either of the 
Rules in the laſt Problem, find the required Angle, as 
AE D; thus, 

62. 25 AD. 74%. 40“ Half. Sum. 74* 49 
49 5 E D. ja 54 ED ſubtract. 37 . 19 AE. 
37 10 AE Ws 


— 24 55 Remainder. 37 0 30 

149 . 38 Sum. RES. 

74 . 49 Half. 
Sine of 24%. 55” 9.624591 
Sine of 37. 30 ˙ 9.784447 
Sine of 49% . 544, — Co. Ar. 0.116383 


Sine of 37. 19 — Co. Ar. 0.217369 


ic. 
* 


Sum — 19.742790 


Sine of „ 3 — — 9.87 1395 
2 | | 


96 . 6 Angle AED. 


The Angle at E is thus found to be 96. 60; then the Angle 
at A will be found 59. 6“, and the Angle at D 42%. 50”, 
in the common Manner ; and the Angles thus found are the 
Sides of a Triangle whoſe Angles are the ſame with thoſe in the 
Problem, the greateſt Side being oppoſite to the greateſt Angle; 
for, if an oblique-angled ſpherical Triangle be conſtructed by 
the laſt Problem, whoſe Sides are 96. 6', 599. 6”, and 
42*. 50”, the Angles will be the ſame with the Angles given 
in this Problem: This I leave to the Learner's Exerciſe. FA 
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Of ASTRONOMY. 


Y ASTRONOMY is LINED meant this 
Knowledge of the Stars, and the Laws of their 
Motions: But what is here intended is the Doctrine 

of the Sphere, and its ſeveral Circles. 

In order to this, it will be neceſſary, in the firſt Place, 
to give an Account of the ſeveral imaginary, Circles of the. 
Sphere. 


Definitions. 


1. A Sphere, in the common Acceptation of the Word, is 
a Globe or Ball; but by the Sphere, in Aftronomy, we mean 
the concave Surface of the Heavens, in which the Planets have 
their Motions in their ſeveral Orbs, and in which the Sun and 
Planets, as well as the fixed Stars, appear to move round the 
Earth in twenty-four Hours ; this laſt being only an apparent 
Motion, fince it is occaſioned by the Rotation of the Earth 
upon its own Axis. On this Sphere are contained divers 
Circles, both great and ſmall, 

2. A great Circle of the Sphere is that which divides it into 
two equal Hemiſpheres. 

. A ſmall Circle of the Sphere is any Circle which does 

not divide 172 Sphere into equal Parts. 


07 the great Circles of the Sphere, 


4. The Horizon is that Circle which divides the viſible Part 
of the Heavens from the inviſible, being the Circle which 
bounds our Sight when ſtanding on a Plain and viewing the 
viſible Part of the Heavens, The Point directly over our 
He ids is called the Zenith, and the Point oppoſite to that, di- 
realy under our Feet, is called the Nadir: Theſe two Points 
are the Poles of the Horizon, being 90® diſtant from it. The 
Horizon is diſtinguiſhed into rational and ſenſeble : The former 
is that which diſtinguiſhes Day from Night; for, when the 
Sun is above this Circle, it is Day, and, when below it, the 
Sun is then faid to be ſet, and it would be quite dark if there 
was no Twilight: The ſenſible Horizon is the Circle that 
- bounds our Sight, | | | 
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5. The Meridian is the Circle in which the Sun is at Noon. 
This Circle cuts the Horizon in the North and South Points, 
and paſſes thro” the Zenith and Nadir of the Place and the 
two Poles of the World: When the Sun is upon it, and above 
the Horizon, it- is Mid- noon; and, when he is upon it below 
the Horizon, it is Mid-night. 

6. The Poles of the World are two Points diadictiically 
oppoſite one another; one is called, the North, the other the 
South Pole. . Line, being drawn from the North to the 
South Pole, will paſs thro' the Center of the Earth, and be as 
an Axis; the diurnal Motion of the Earth being made on this 
Line, like the Rotation of a Wheel on its Axis. 

7. The Aquinox, or Æguinoctial Circle, is a Giacls: which 
divides the Heavens into two equal Parts, at 90* Diſtance from 
the Poles of the World, (which are therefore the Poles of this 
Circle). When the Sun is in this Circle, the Days and Nights 
are equal in all Latitudes ; only directly under either of the 
Poles, or in go“ of Latitude, ters the Sun is in their Horizon 
either riſing or ſetting. een 

8. The Ecliptic, in which the apparent Motion of the Sun 

is always performed, is a great Circle which interſects the 
Aquinoctial in two oppoſite Points, and makes With it an 
Angle of 239. 30', or, as later Improvements in Aſtronomy 
make it, 23% 29“, commonly called the Inclination of the 
Ecliptic to the Aquator. The Ecliptic is divided into twelve 
equal Parts, called the twelve Signs; the firſt ſix ate called 
the Northern Signs, the laſt ſix the Southern Signs: Their 
Names, Characters, and the Times when the 2 * enters into 
each of them, are as follows : 


Aries Y Ws TIF Gemini I. Combe S 
March 20. April 20. May 21. Fune 21. 
* r 2 i 


ar Virgo WW Libra & Scorpio M. : 
Fuly 23. Auguſt 23. September 23. Ottober 23. 


Sagittarius 1 Capricorn M Aquarius % Piſces X 
November 22. December 21, Fanuary 20. Feb. 18 or 19. 


Theſe are called the Signs of the Zodiac, which is a great 
Circle encompaſſing the Heavens as a Girdle, (whence its 
Name) in which the Planets move. The Breadth of the 
Zodiac is uſually eſteemed about ſixteen or eighteen Degrees, 

in 


— — rx— 
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in the Middle of which is the Ecliptic, - from which the p- 
parent Motion of the Sun never deviates. 
9. The Wur-Circles are Meridians drawn. thro? the Poles of 


the World and every fifteenth Degree of the Æquinactial, of 


which the Meridian of the Place is the Hour-Line of twelve 
of the Clock. 
10. The Meridian-Circle that interſects the Ecliptic in the 
firſt Point of V and & is called the Aquinactial Colure ; and 
that which euts the Ecliptic in the Solftitial Points, that is, 
the Beginning of S and W, is called the Sahftitial Colure. 
11. Circles drawn from the Zenith to the Nadir, cutting 
the Horizon at right Angles, are called the #zimuth-Circles; 
and that which interſects the Horizon in the Eaſt and Weſt 
is called. the Prims Tg or the Azimuth of Eaft and 


Welt. | 
of the ſmaller Circles. 


12. The ſmall Circles of the Sphere are ſuch as are Parallels 
to any of the greater Cireles before- mentioned; ſuch are, 

13, The Tropies of Cancer and Capricorn, which are 
to the AquinoCtial, at the Diſtance of 23%. 29. , the 
$-greateſt Neclination : The Tropic of Concer is on the 
Nor and the Tropic of Copricern on the South Side of the 
Aqunegial. 
14. The two Polar Circles are Parallels to the Equino&tial, 
at the Diſtance of 66*. 31: That near the North Pole is 
called the Arctir Circle, and that near the South Pole is called 
the Antarctic Circle. 

15. Circles drawn parallel to the Horizon are called Circles 
of Altitude, becauſe the Altitude, or Height of any Object 
above the Horizon, is determined by thoſe Parallels. 

16. Parallels of Latitude are Parallels to the Æquinoctial; 
= are alſo the Parallels of the Decligation of the Sun or 

anets. 

17. The Latitude of a Place is the Elevation of the Pole 
above the Horizon, or the Diſtance of the Zenith from the 
Equator : If the North Pole is elevated, it is North Latitude; 
but, if the South Pole is elevated, it is South Latitude. The 
Latitude never exceeds 90. The Longitude of Places is 
meaſured on the Æquinoctial, and uſually is reckoned from 


Eaſt to Weſt round = Globe, from different Points of which 


the Longitude is computed by different Geographers. 
28 | 18. The 


— — 
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18, The Longitude of the Sun js his Diſtaneę from the firſt 
Tug. of V, "I is therefore the ſame with bis Place in the 
cliptic. ee 
4 . The Declination of the Sun we have already ſhewn to 
be bu Diſtance from the Equinox: When he is in any of 
the ſix Northern Signs, his Declination is Noxth ; and, when 
be is in any of the fix Southern 1 Signs, his Declination is 
uth, c 
20. A right "REY is When the Polly'of the Wörld are in 
the Horizon; And the right Aſcenſion of the Sun is the Degree 
of the Aquator which riſes. with the Sun in a right Sphere 
or it is TP 4 Degree of the Æquator which comes to the 


Meridian, of any Place with the Suh. The right Aſcenſion is 


reckoned on from the firſt Point of V to 360. 
21, An oblique Sphere 1s when one of the Poles of the World 


is above, and the other is below the Horizon : And the oblique 
Aſcenſion of the Sun is that Degree of the Mauinox' which riſes 
in an oblique Sphere with the Sun, by 40 © 

When the Poles, of the World are in te Zenith and Nadir, 


it is called a parallel Sphere. 
22. The aſcenſtonal Difference. is ibs Dione between the 


right and oblique Aſcenſion of any y Point of the Ecliptic ; that 
is, the Difference between the Degree of the FaquinoRial that 
riſes, with the fame Point of the, F<botie in aneh and an 


oblique Sphere, 1 
23, The Aug 19 of ths Sun is. che Diſtan of the Sun's, 


Riſing or Setting from the Eaſt or Weſt Points of the; 
Horizon: 18 5 he riſes and ſets North, of the Eaſt and Welk, 
Points 'of t orizon, his Amplitude is North z. 3 wben 
he riſes. and ſets. South to the. Eaſt or We elt Points, of . 


Horizon, his Amplitude is South. 
24. The Sun's Azimuth is his Diſtance from: the Meridian.” , 


either Eaſt or Weſt :, Till he has paſſed the Meridian, his 
Azimuth is Eaſt ; : and, when be. has paſſed it, the Azimuth 


is 8 1 
5. The Anttud. of the Sun is his Height above. the Horizon: | 


The * Meridian: Altitude is his Altitude at Noon; which, when 
he is in the Tropic of . is 619. 57 3 but, in the Tropic 
of Yp, is no more than 14%. 50 in the Latitude of London, 


which is 51, 32 North. 


Qq a 3), Pool 
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Proh. 92. To projet? the .Circles of the Sphere on, t Plain 
of the Meridian for the Latitude of 3 51% 32 North. 


* 


ie 8 of nd "oy the 3 Circle 15 2 RN, 
| eridian of the Place; draw the right Gircle. HO. 
0 Hate 2 2 ON ae e Anker fie te Prins 
Vertica), br Azimuth of Eaſt and Welt, in which Z will be, 
the Zenith and N the Nadir; take 51%. 32”, the Latitude of, 
the Place, and ſet it, from'H'to'P, and from R to 8; then, 
wilt P repreſent the North Pole of. the World elevated above 
the Horizon, and S the Spyth Pole, of the World depreſſed 
below the Fig gz, eqial to the Latitude of the Place ; from. 
P'to'S draw a Diameter POS, which repreſents the Axis 
of the World; at right Angles to POS draw O 
which, will be the e take from the Line of Chords 
2329 and lay it, both Ways, from A to a, and from 
to WM; lay it alſo from Q_to &, and from Q to b; draw, 
the Ecliptic O W take the Half-tangent of 23 29', and 
lay it, both Ways, on the Axis of the World to c and 4; 
then, thro” the three Points a, c, S, draw, by Prob. 17, the 
Parallel @ c S for the Tropic of Cancer; and, by the ſame 
Problem, draw Md, thro' the three Points W 4 b, for 
the Tropic of Capricorn; or, if you take from the Scale of 
Tangents 


1 
0 
t 
\ 
| 
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Tangents 66. 31“, the Complement of 23*..297, and ſet 
one Foot of the Compaſſes in c or d, letting the other fall on 
the Axis of the World produced. to a ſufficient. Length, that 
will be the Center, on which the Tropic may be drawn, as 
before, i Ai An ; 

The Center O, where the Ecliptic interſects the Æquator, 
is the Beginning of Y; 30“ being. taken from the Scale of 
Half-Tangents, and laid on the Ecliptic from O, towards S, 
is the Beginning of 8; 60 being taken from the {ame Scale, 
and laid from the Center towards S, is the Beginning of N; 
and the Beginning of & is at the Interſection of the Tropic 
with the Meridian: Now, reckoning back 30O from S to- 
wards O, we ſhall come to the Beginning of N, the ſame 
Point H is; reckoning back 60 1 — towards O, we 
ſhall come to the Beginning of M, the ſame Point where U 
began; and, reckoning back go, we come to the Center, 
or Beginning of , the firſt of the Southern Signs: Then take 
30 from the Scale of Half- Tangents, and ſet from = to M. 
tor the Beginning of that Sign; take 60 from the ſame Scale, 
and ſet from = to 4 for the Beginning of that Sign; the 
Beginning of W is at W, the Interſection of the Tropic with 
the Meridian; reckoning back from WM 30 will be the Be- 
ginning of ; and reckoning back 60“ for the Beginning of 
will be the Beginning of . : f 

Take from the Line af Chords 23". 20 and lay it, both 
Ways, from the North Pole P to A and T; then, by Prob. 
42, Caſe 2; lay 23%. 29 from P on the Axis of the World 
tor: Now take the Tangent of 23* 29, and, placing one 
Foot of the Compaſſes in , let the othet fall on the Axis of 
the World extended beyond P, this will be the Center, on 
which may be deſcribed the Arctic Circle Ar T about the 
North Pole P: And in the ſame Manner may the Antarctic 
Circle B D be deſcribed about 8, the South Pole, 

If one Foot of the Compaſſes be placed on the Æquato 
either within, or continued without the primitive Circle, 26d 
oblique Circles are drawn, paſſing thro' the Poles of the World, 
as P 5S, they will be Meridians, or Hour-Circles. In the 
ſame Manner, placing one Foot of the. Compaſſes in the 
Horizon, either within the primitive Circle, or produced be- 
yond it, and drawing oblique Circles, E t N, thro' the Zenith 
and Nadir, they are Azimuth-Circles. : 
If ſmall. Circles, ſuch as æ cz, are drawn parallel to the 
 Hotizon HO R, by Prob. 61, at any Diſtance leſs than go*®, 
they are Parallels of Altitude. — 
Qq 2 Having 
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Having explained the Manner of projecting the principal 
Circles of the Sphere, I ſhall now ſhew the young Aſtronomer 
their Uſe; and, as the Sun's Place in the Ecliptic is the 
Foundation of moſt of the other Problems in 3 1 _ 
begin with that. 


Prob. 93. To find the Sun's Place in the B.kiptic: 


| Rule. If the given Day of the Month is more than the Day 
of the Sun's Entrance in that Month, ſubtract the Day of the 
Sun's Entrance from the giver Day, and the Remainder will 
be the Degrees of the Sun's Place i in the Sign he enters in that 


Month, 
Exam. 1. Tbes Sun's Place is required on he twenty-ſeventh 


of Moy 1753: 
From May | "DA * 
er this ho of Entrance into II — 21 
6 


| Therefore, on the eenty-ſeventh of 2 the Sun is in ſix 


Degrees of I. 5 


Exam. 2. 5 Exam. 3. 
September 30 November — 26 
Sun enters Sep. 23 Sun enters 2 Nov. 22 


| 88 7 Deg. of &. 4 Deg. of m.. 

And, if the given Day is leſs than the Day of Entrance for 
that Month, add thirty to the given Day, and ſubtracting 
the Day of Entrance in the preceding Month from that Sum, 
the — will be the 8 of the Sun's Place in Pg 
Sign of the preceding Month: Nn 9 


Exam. 4. . Exam. 5. BY 


April in 6 Jah rr 40 
Add o Add — 30 
Suns eaters 7 20 Jaun enter 8 21 
16 Deg. of F. 19 Dez. of S. 


Prob. 94. The Sun's Place 1 79. 13 given, and his greateſ 
Daa 239. 297, (always known) to Fur "ny preſent De- 
clination and right Aſcenſion, 

| Con- 


Conſtruction. With the Chord 
of 60% draw the Meridian 
PQS; draw A Y Qtbe 
#quator, and at right Angles _. - 
to it PVS the Axis; lay - 
23% 29, the Sun's greateſt 
Declination, from A to Vp, * 
and from Q to S, and draw | 
the Ecliptic V S; by Prob. N. 
43, Caſe 1, lay 67. 13“, the- 
un's Place in the Ecliptic, 
from Y to O; take the Se- 
cant of 229. 400, the Com- _ 
plement of the Sun's Place to 90®, place one Foot of the Com- 
paſſes in O, and let the other fall on the Æquinoctial (con- 
tinued, if neceſſary) for a Center, and draw the oblique Circle 
PO RS, by which will be formed the right-angled Triangle 
TY RO, right-angled at R; in which we have given the Angle 
at Y 23*. 297, the Sun's greateſt Declination, and the Hypo- 
thenuſe T © 679. 137, to find the Perpendicular © R, the 
preſent Declination; this is an Extreme disjunQ, and the 
Perpendicular is the middle Part; whence, by Lord Nepier's 


third Rule, and its Note, 


4 


10. 


1 


As the Radius 


Is to the Sine of © Y R, 23%, 20", — 9.600409 
So is the Sine of Y ©, 67. 13“, — 9064720 


To the Sine of R ©, 219. 33˙, the Sun's Declinat. 9.565129 


The Perpendicular R ©, being a Part of the oblique Circle 
P © S, may be meaſured by Prob. 46: Then, for the right 
Aſcenſion Y R, having the Angle at T 23*. 29“, and the 
Hypothenuſe Y © 679.13, to find the Baſe Y R, is 
an Extreme conjunct, and one of the Extremes is required; 
whence, by Lord Nepter's ſecond Rule, and its Vote, 


As the Co-tangent of Y ©, 67. 137, Co. Ar. 0.376731 
Is to the Radius, | * 10. 
So is the Co- ſine of OV R, 23. 29, — 9.962453 


To the Tang. of 7 R, 65. 24, Sun's right Aſcenſ. 10. 3 39184 
| 1 The 


* — — ” = 
— 2 LOSS 2 
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The Baſe 7 R may be meaſured by Prob. 43. If the 
Declination were North, and increaſing, then the right 
Aſcenſion of the Sun is 65. 24; but, if it were North, 
decreaſing, that is, if it were between the twentieth of June 
and the twenty- ſecond of September, then the Number found 
muſt be ſubtracted from 180, and the Remainder 114. 36 
is the right Aſcenſion; becaufe, as was obſerved in the 
twentieth Definition, the right Aſcenfion is reckoned from the 
Point where the AquinoQtal interſects the Ecliptic in the firft 
Point of V, till it returns to the ſame Point again: There- 
fore, when the Declination is South, increaſihg, that is, from 
the twenty-ſecond of September to the twenty- firſt of December, 
180 muſt be added to the Number found by this Problem; 
and, when the Declination is South, decreaſing, that is, from 
the twenty-firſt of December to the twentieth of March, then 
the Number found by the Calculation muſt be ſubtracted from 
360®, and the Remainder is the right Aſcenſion ſought. 

I ſhall now endeavour to give the young Aſtronomer ſome 
Idea of the Cauſe of the Inequality of natural Days, arifing 


from the Obliquity of the Ecliptic to the Æquinoctial; by 


which the Sun's right Aſcenſion not increaſing exactly the 
ſame with his Place in the Ecliptic, it produces a Variation in 
the Length of the natural Days: For thoſe Meridians that 
divide the Æquinoctial into equal Portions, will not divide the 
Ecliptic in the ſame Manner, but into unequal Portions ; by 
which the Length of the natural Day will be increaſed or 
diminiſhed ; the Length of a natural Day being the Time 
between the Sun's leaving the Meridian of any Place and 
coming to it again; which, in different Revolutions of the 
Earth on its Axis, will be longer or ſhorter, as longer or 
ſhorter Portions of the Ecliptic paſs the Meridian, If the 
Reader finds any Difficulty in underſtanding the following 
Explanation, let him paſs it by, and review it when he has 
made a farther Progreſs. 


Let it be required. to find the Sun's Place in the Ecliptic 
when his right Aſcenſion is 15®. | 

With the Chord of 60®, draw EP Qs the Meridian; 
then draw K Y Q the Æquinoctial, and P V $ the Axis, 
or Hour- Circle of Six; from A to vw, and from Q to S, 
ſer off 23%. 207, the Sun's greateſt Declination, and draw 


the Ecliptic S Y V; then, from the Scale of Half-Tan- 


gents, lay 155 from V to à on the AquinoRial, and draw 
the Meridian P 8, which will interſect the Ecliptic in Wo 


2 88 *) «a we — my 
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the Place of the Sun when his 45 | 
right Aſcenſiqn is 15. In the 
right-angled Triangle OV 4, „ 
reh ne at a, are given 
the Angle at TJ 23. 1 05 "8 
and the Baſe, Y 4 15, to find Air | 
the Hypothenuſe 7 O, the | 
Longitpde of the dun fram the 8 
fuſt Point of V, or Place in > 
the Ecliptic; 3. which is an Ex- 
treme conjunct, and the Hypo- 3 
thenuſe is one of the Extremes; 55 c 
whence, by Lord, Nepier's band. Rule, vie M, 299111 


As the Tangent of Y a, 15%, * — 


Is to the. he Radius, FN 
So. is the Co: ſine of Q 15 42, 237 2005 


Tau C1 O. 166. 14, — 10.534 


By which it appears, that, N the Sun's DE 4160 AT * 
his right 1 on is n is buy x ; ſa that, in Time, there 
is a Dif rence of 19. 17 quingctial, hich anſwers: 
2 . inutes, 2 cies 5 of Time, hs, as the. 

on tow g the ic, he. gains, till he 
150 'of 8, which is half Fs 3 * which he. le. till he, 
arrives at "the Tropic, when his Place and right Aſcenſion 
become. equal. * 8 the Æquinoctial were divided in every 
fifteenth: Degree, idians drawn thro' each, they would 
interſect the aher Wie Nn Fes. for * I 5. of. * 


Aſcenſion, as below: 


15 16177 

5 30 32 12 

At 475 of right Aſcenſion, J 47 . 28 

60 the Longitude, is 62 . 6 

75 75 15 
90 „ 


Tbe Earth revolves round its Axis in twenty-four Hours, at 
the ſame Time moving —_— in its Orbit about fifty-nine 
Minutes and eight Seconds, By this Means, the whole Aqui- 
noctial, and ey. ane Minutes, eight Seconds, paſſes the 
Meridian of any Place i in twenty-four Hours: But the Ecliptic, 

inter- 
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interſecting the Æquinoctial at an Angle of 23%. 297, does 
not paſs the Meridian equally with the Æquinoctial. Hence, 
the Time from the Sun's Appearance on the Meridian of any 
Place, to the T'ime of his Return to it again, is ſometimes 
more, ſometimes leſs, than twenty-four Houts ; but Clocks 
and Watches keep equal Time, when they go right ; and this 
is one Reaſon why good Clocks and Watches go ſometimes / 
faſter, ſometimes flower, than the Sun. The greateſt Varia- 
tion, ariſing from this Cauſe, is when the Bun is in the 
Aquinoctial and Tropics; for, when the Sun is in the 
Equinox, and going towards the Tropics, the Time from 
Noon to Noon will be but twenty-three Hours, fifty-nine 
Minutes, and forty Seconds; but, in returning from the 
Tropics towards the Aquinox, the Day will be twenty-four, 
Hours and rwenty-two Seconds. 9 
Tbere is another Cauſe of thE Inequality of natural Days, 
ariling from the annual Motion of the Earth, which moves 
round the Sun in an Ellipſis, in one of whoſe Foci the Sun is 
ced, and, from the Laws of Gravity, the Velocity of the 
arth is continually changing in its Orb, by which the Earth 
moves thro* Uffferent Portions of the Ort in twenty-fobr 
Hours, *which produces a Variation in the, Length of natural 
Days. The Time marked by the Motion of the Sun is called 
apparent Time'; the Time marked by Clocks, and other Time- ' 
keepers, is called zriuwe Time; and the Difference is called the 
Eguation / Time, N 9446 e v4 0 ; 4 pot n 4 


— — 4 - 1 


4 
4 
b 


Prob. 95. Te Sun's right Aſcenſion 75. 48“, and his 
greateſ 22 23. 29', (altuays known) to find hit 
Place in the Ecliptic, and preſent Declination, '' © F 

Conftruftion, With the Chord Þ& i 
of 60®, draw the Meridian 
APQS; draw AQ the A- 
quinoQial, and P'S the Axis of 
the World at right Angles to 
it; lay the Sun's greateſt De- 
clination, 23* . 29, from A 
to M, and from Q to S, and 
draw the Ecliptic  Y S; lay 
75 48, the Sun's right As- 
cenſion, by Prob. 42, Caſe 1, 
from Y to @; then, by Prob. 
17, draw the Meridian P aS, 
cutting the Ecliptic in ©, by which will be formed the — * 

ang 


J a 
anigled Triangle 7 © @, right-angled at az in which is given 
the Angle at Y 23. 20, and the Baſe Y a 75. 48, to find 
the Hypothenuſe J ©, or the Sun's Place in the Ecliptic ; 
which is an Extreme conjunct, and the Hypothenuſe is one 
of the Extremes; wherefore, by Lord Neprer's ſecond Rule, 
and its Note,” Page 266, 


As the Tangent of Y a, 75 48%, —— 10.5968 3 
Is to the Radius, | - — 10. 

So is the Co- ſine of © Y a, 23%. 29%, — 9.962452 
To the Co- tangent of Y O, 76. 50 — 9.355640 


Therefore the Sun's Place is 15. 56 of m. To find the 
Declination, the ſame Things being given, it is ſtill an Ex- 
treme conjunct, and the Perpendicular 2 O, being one of the 
Extremes, may be found by the ſame Proportion : 


As the Co-tangent of Yah 23% . 29%, — 10. 362044 
Is to the Radius, — FI 
So is the Sine of T a, 75 48, — 28523 
19.980523 
1 | 10.362044 
To the Tangent of 4 ©, 22. 50; the Sun's} - 
preſent Declination, 3 19.624479 
The Perpendicular a O may be meaſured by Prob; 46, and 
the Hypothenuſe Y © may be meaſured by Prob: 43. 


Prob. 96. The Sun's preſent Declination 22% . 56 North; 
Increaſing, and greateſt Declination 23. 29', given, to find his 
Place in the Ecliptic, and right Aſcenſion. 

Conſtruction. With the Chord 
bf 60%, deſcribe the Meridian 
FPQS; draw E Q the 
Æquinoctial, and P'S the Axis 
of the World at right Angles 
to it; lay 23“. 29”, the Sun's 
greateſt N from 
to E, and from Q to C, and E. 
draw EO C the Ecliptic; lay 
225 56“; the Sun's preſent ; 
Declination, from Q to a, and S 
from & to ; and; by the Scale 4 | 
of Half-Tangetits; lay; by an 22 56 from O to 3 9 

od 7 


306 MATHEMATICS. 


by Prob. 17, draw hù x a, the Parallel of the Sun's preſent 
Declination, interſecting the Ecliptic in O; thro' ©, P, 
and 8, by Prob. 17, draw the Meridian P © S, interſecting 
the Equinoctial in D, and forming the right-angled Triangle 
O © D, right-angled at D; in which is given the Angle at O 


23. 29, and the Perpendicular D © 22%. 56”, to find the 


Hypothenuſe O @, the Sun's Place in the Ecliptic ; which is 
an Extreme disjunct, and the Hypothenuſe is one of the 


Extremes; wherefore, by Lord Nepter's fourth Rule, and its 


Note, Page 266, 
As the Sine of © O D, 239% 29, — Co. Ar. 0.399591 


Is to the Radius, —.— — 10 


So is the Sine of D O, 22. 56”, 


To the Sine of O ©, 779. 55, the Sun's Place, wy 9.99027 7 


That is 17% 55 of I. But, had the Declination been 
North, decreaſing, ſubtract 77%. 55 from 180%, and the 
Remainder 102. 5 is the Sun's Place in the Ecliptic, that is, 
12*%.5' of S. SY 

The Hypothenuſe O © may be meaſured by Prob. 43. 


| Now, for the right Aſcenſion, the ſame Things being 
given, to find D O, is an Extreme conjun&, and D O is the 


middle Part; wherefore, by Lord Nepier's firſt Rule, and its 
Note, Page 265, 


As the Radius. 11 


— lh. 


Is to the Co-tangent of OO D, 23%. 29%, — 10.362044 
So is the Tangent of DO, 22. 5 — 9.626445 


To the Sine of DO, 76. 51, 


— 


9.988489 


Which is the Sun's right Aſcenſion, But, if the De- 
clination had been North, decreaſing, ſubtract 76. 51” from 
180, and the Remainder, 103“. 9, is the right Aſcenſion ; 
and, if the Declination had been South, increafing, 180 muſt 
be added to the Aſcenſion found by the Problem; laſtly, if the 
Declination given is South, decreaſing, take the Degrees found 
by the Problem from 360, and the Remainder is the Sun's 
right Aſcenſion. 


The Perpendicular DO may be meaſured by Prob. 46. 
Prob. 


draw POS the Axis of the 
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Prob. 97. The Latitude of the Place (as London) 51. 340, 
and the Sun's preſent Declination 23* . 4 North, given, to find 
the Altitude 75 e Sun, and Hour of the Day, when the Sun is 
| due Eaſt or Weſt. | 8 gn 


| - Confirufion. With the Chord 
of 60% on O, as a Center, 
draw HZ RN the Meridian; 
draw H OR the Horizon, and 
Z ON the Prime Vertical, or 
Azimuth of Eaſt and Weſt, 
at right Angles to it; take 
51.32, the Latitude, and ſet 
from H to P, and from R to 8 


World, and E OQ at right 
Angles to it for the Æquinoctial; 
then lay 239. 4 from & to a, 


and from Q to ö; alſo lay the Half. Tangent of 239. 4” from O 
to c; and, by Prob. 17, draw the Parallel of Declination, 
8 c b, interſecting the Prime Vertical in O, the Sun's Place 
when due Eaft or Weſt ; laſtly, by Prob. 17, draw the 
Meridian P © S, interſecting the ÆEquinoctial in d, and form- 
ing the right-angled Triangle O © 4, right-angled at 4; in 
which we have given the Angle © Od 519. 32, the Diftance 
of the AquinoCtial ftom the Zenith, equal to the Latitude of 
the Place, and the Side © 4 239.4”, the Sun's preſent De- 
clination, to find the Hypothenuſe O ©, the Sun's Altitude 
above the Horizon when due Eaſt or Weſt; this is an Extreme 
disjunct, and the Hypothenuſe is one of the Extremes; where- 
fore, by Lord Nepier's fourth Rule, and its Note, Page 266, 


As the Sine of © O d, 51. 3, —— Co. Ar. o. 106255 
Is to the Radius — th 
So is the Sine of Od, 239.4, 


— — 2 


9593067 
To the Sine of O ©, 30. 2“, the Sun's Altitude, 9.699322 


Then, for the Hour of the Day, the ſame Things being 

2 to find the Baſe Od is an Extreme conjunct, and the 
aſe O 4 is the middle Part; wherefore, by Lord Neprer's 

firſt Rule, and its Note, Page 265, ä 


R r 2 As 


—̃ ͤ _ 
- -- — 


OS ——— 
We —— — 


—— —— ä — — 
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As the Radius 249 


Is to the Co-tangent of © Od, 51. 31, — 9.900087 
So is the Tangent of Od, 23˙. 4, — 9.629255 


1 


To the Sine of O d, 19.46, — 9.5 29342 


This being converted into Time, by allowing an Hour 
for every 155, and four Minutes of Time for each Degree, 
gives one Hour and ſixteen Minutes for the 197, and three 


4 
10. 


Minutes and four Seconds for the 46“, which makes one 


Hour, nineteen Minutes, and four Seconds. Now, as the 
Sun riſes at y, where the Parallel of Declination cuts the 
Horizon, in his Aſcent to his Meridian Altitude, he will be 
on the Axis POS at Six o'Clock in the Morning; theres 
fore it will be paſt that Time one Hour, nineteen Minutes, 
and four Seconds, when he is due Eaſt, or at ©, that is, it 
will be nineteen Minutes and four Seconds paſt Seven o*'Clock 
in the Morning: And, when he hath paſſed the Meridian, and 
is going towards the Horizon, to ſet at 5, when he is at 
©, or due Weſt, it will want one Hour, nineteen Minutes, 
and four Seconds of Six o'Clock, that is, it will be forty 
Minutes and fifty-fix Seconds paſt Four in the Afternoon. 
Hence, the Degrees and Minutes, being converted into Time, 
and added to Six o'Clock, give the Time he is due Eaſt ; and, 
being taken from Six, give the Time he is due Weſt in the 
Afternoon. But, if the Latitude of the Place and Declination 
be not both North, or both South, the Sun will be ſet before 
he is due Weſt, and will not riſe *cill after he is paſt the Eaſt 


Point of the Horizon. 


Prob. 98. The Latitude of the Place 51. 32 North, and the 
Sun's preſent Declination 239%. 4 North, given, to find the 
Altitude of the Sun at Noon. 


When the Latitude of the Place and the Declination of the 
Sun are both North, or both South, add the Declination to 
the Complement of the Latitude, and the Sum will be his 
Meridian Altitude; but, if the Declination and Latitude are, 
one North, the other South, ſubtract the Declinat ion from 
the Complement of the Latitude, and the Remainder will be 


the Sun's Meridian Altitude : 
From 
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From 90 
Subtract 51 . 32” 
38 28 


Declination add 23. 4 


— 


Meridian Altitude 617 . [32 | 


In the fame Latitude, if the Declination had been South 
23%. 4, ſubtracting that from 38. 28, leaves 15?. 24 for 
the Meridian Altitude of the Sun. 


Prob. 99. The Latitude of the Place 5 19. 32" North, and 
the Sun's Declination 18. 7 North, to find the Sun's Altitude 
and Azimuth at Six o'Clock. 


Conſtruction. With the Chord 
pf 60%, draw HZ RN the 
Meridian of the Place ; then 
draw H O R the Horizon, and 
Z ON the Prime Vertical at 
right Angles to it; ſet the E 
Latitude, 51. 32', from H 
to P, and from R to S; then 


2 , 
draw the Axis PO 8, and at N | h 
right Angles to it draw O 1 
N | 


ous. | 


the Æquinoctial; lay 18.7, 
the Sun's Declination, from | 


M to ö, and from Q to 4, alſo the Half- Tangent of. 


18%.7 from O to x; by Prob. 17, draw the Parallel of the 
Sun's Declination, a x b, interſecting the Axis POS in &, 
the Place of the Sun at Six o'Clock ; thro' x, and the Poles 
of the Horizon Z and N, by Prob. 17, draw the Azimuth- 
Circle Z x N, interſecting the Horizon in e, and forming the 
right-angled Triangle * O, right-angled at ez in which is 
given the Angle at O 51. 32, and the Hypothenuſe O « 
18*,7', to find the Perpendicular e x, the Sun's Altitude at 


Six o'Clock ; this is an Extreme disjun&, and the required 


Perpendicular is the middle Part; whence, by Lord Neprer's 


third Rule, and its Note, Page 266, 


— 
erer * 
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As the Radius 10. 


* 


Is to the Sine of «O 512 32, 9.8 — 
So is the Sine of O x, 18 75 — 9-492695 


To the Sine of ex, 14. 5, the Altitude of the 
Sun above the Horizon, 


; 9 386440 


For the Sun's Azimuth : The ſame Things being given, to 
find the Baſe e O, the Sun's Azimuth from the Eaſt, North- 
ward, is an Extreme conjunt, and the Baſe is one of the 
Extremes; whence, by Lord Nepier's ſecond Rule, and its 
Note, Page 266, 


As the Co- tangent of Ox, 18%. 7 œ — 2 5223 


| Is to the Radius, — — — — 10. 
So is the Co- ſine of x O c, 51 . wr 793832 


To the Tangent of Oe, 119. 3, * 9.308609 


Hence the Sun' J Azimuth from the Eaſt or Weſt, at Six 
o'Clock, is 119. 3'; and this, being added to 90, or OR, 
gives e R 1010 . 3, the Sun's Azimuth from the Meridian 
towards the North Point of the Horizon. 


Prob. 100. The Latitude of the Place 51 32 Narth, and 
the Sun's preſent Declination 15%. 46 North, given, to find 
the Sun's Amplitude, and the aſcenſional Di fe rence; the Time 
of the Sun s Riſing and Setting, with the Length of the Day 
end Night ; alſo the oblique Aſcenſion and Deſcenſion of the Sun. 


Draw the Meridian HZ RN, 
with the Chord of 60; draw | 
the Horizon HOR, and the 
Prime Vertical Z O N at right 
Angles to it; take the Lati- 
tude, 51. 32, and ſet it from 
H to P, and from R toS; draw 
the Axis POS, and ＋ O Q 
the Æquĩnoctial at right Angles 
to the Axis; take 15 46 
and ſet it from Æ to b, and 
from Q to a; ſet the Half Fn. 
Tangent of 15* 40 from O to c, and draw, by Prob, 17. 

the 
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the Parallel of Declination h c a, interſecting the Horizon in 
d; thro' P, d, and 8, by Prob. 17, draw the oblique Circle 
P.4.S, interſecting EO Qin x, and forming the right-angled 
Triangle O 4 x, right- angled at x ; in which is given the 
Angle at O 389. 28”, the Complement of the Latitude, 
and d x 15 46, to find the Hypothenuſe O 4, the Sun's. 
Amplitude, or Diftance of riſing from the Eaſt Point of the 
Horizon, Northward ; which is an Extreme disjunct, and 


the Hypothenuſe is one of the Extremes; wherefore, by 
Lord Nepier's fourth Rule, and its Note, Page 266, 


As the Sine of 4 Ox, 38% 28, — Co. Ar. 0.206168 
Is to the Radius, —d — 10. 
So is the Sine of x, 15 46, ——— 9.434122 


To the Sine of 4 O, 25%, 5%, 9.640290 
The Hypothenuſe O 4 may be meaſured by Prob. 43. 


If the Sun's Declination had been South 15. 46”, the 
Parallel g h f being drawn, would interſe& the Horizon in 1, 
and an oblique Circle, Pi S, would interſect O Q in , 
forming the right-angled Triangle O i z, right-angled at 2, 
equal to the Triangle Od x; in which the Hypothenuſe Oi, 
equal to O d, is the Sun's Amplitude, or the Diſtance of the 
Riſing and Setting from the Eaſt and Weſt Points of the 
Horizon, the ſame as before; only, in the former Caſe; the 
Amplitude is from the Eaſt or Weſt, Northward, and, in the 
latter, Southward ; that is, in North Latitude, when the 
Sun's Declination is North, he riſes to the North of the Eaſt, 

nd ſets to the North of the Weſt; but, when the Latitude 
5 North and Declination South; he riſes to the South of the 

Eaſt, and ſets to the South of the Weſt, 

Then, for the aſcenſional Difference, the ſame Parts being 
given, to find the Side O x, is an Extreme conjunct, and O x 
is the middle Part; whence, by Lord Neprer's firſt Rule, 
and its Note, Page 265, 885 


As the Radius 


—— —_ 10. 


— 


Is to the Co- tangent of 4 Ox, 38% 28, — 10.099014 
So is the Tangent of 4 x, 15 40, ——ů— 9.450777 


1 


To the Sine of O x, 20%. 47, — d 9.5 50691 


The Side O x may be meaſured by Prob. 43. 
| | The 
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The aſcenfional Difference 20%. 4*; being converted init 
Time, by allowing 15 for an Hour, four Minutes of 
Time for 4 Degree, and four Seconds of Time for each 
Minute, gives one Hour, twenty Minutes, and fixteen 
Seconds; and ſo much the Sun riſes before Six in the Morn- 
ing, and ſets after Six at Night; that is, the Sun riſes thirty 
nine Minutes and forty-four Seconds after Four o'Clock itt 
the Morning, and ſets twenty Minutes and fixteen Seconds 
after Seven at Night. But, if the Declination had been dif-_ 
ferent, the one North, the other South, the one Hour, twenty 
Minutes, and fixteen Seconds, being added to the Hour of 
Six, gives the Sun's Riſing twenty Minutes and fixteen Seconds 
after Seven in the Morning; and; being ſubtracted from Six; 
gives thirty-nine Minutes and forty-four Seconds after Fout 
at Night for the Time of his Setting. R | 

If the Time of the Sun's Setting, ſeven Hours, twenty 
Minutes, and fixteen Seconds, be doubled, it gives the Length 
of the Day; fourteen Hours, fotty Minutes, and thirty-two 
Seconds; and thirty-nine Minutes and forty-four Seconds after 
Four, the Time of the Sun's Riſing, being doubled, gives 
nine Hours, nineteen Minutes, and twenty-eight Seconds faf 
the Length of the Night: 


To find the Oblique Deſcenſion. 

When the Latitude and Declination are the ſame, add the 
aſcenſional Difference to the right Aſcenſion, and the Sum 
is the oblique Deſcenſion: But, when the Latitude and De- 
clination are not the ſame, then ſubtract the aſcenſional Dif- 
ference from the right Aſcenſion, and the Remainder is ths 
_ oblique Deſcenſion; and, if you cannot ſubtraR-the aſcenſional 


Difference from the right Aſcenſion, add go to it, then ſubs 
tract, and the Remainder is the oblique Deſcenſion. 


" To find the Oblique Aſcenſion: 

When the Latitude and Declination are the ſame; ſubtract 
the aſcenſional Difference from the right Aſcenſion, and the 
Remainder is the oblique Aſcenſion; and, if the aſcenſional 
Difference cannot be taken from the tight Aſcenſion, add 
go to it, then ſubtract, and the Remainder is the oblique 
Aſcenſion : But, when the Latitude and Declination are not. 
the ſame, then the aſcenſional Difference and right Aſcenſion, 
being added together, is the oblique Aſcenſion, 

2 


In 
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In the preſent Problem, the | Declination being 15 46 
North, | increaſing, the right Aſcenſion may be found, by 
Prob. 96, to be 40%. 38"; and, in the Latitude of 51, 32; 
we have found the aſcenſional Difference 20%. 4; which, 
being added to, and ſubtracted, from; the right Aſcenſiony 
gives the oblique Aſcenſion and Deſcenſion as follows : 


To 40%, 38“ Right Aſcenſin. From 40% 38. 1 
Add 20. 4 Aſcenſ. Diff.  Subtrat2o 1 4 
— Aſcenſ. 
50 42 Oblique Deſcenſion. 20 34 Oblique 
. DON, eee e n 


Prob. 101. The Declination of the Sun 219% 36" "South, and 
bis Altitude 42? , 27 when due Za or Weſt, given, to find 


the Latitude of the Place. | 
Conft. With the Chord of 600, S 
draw the Meridian ESO! /Eßͤ N 


draw A O Q'the AquinoQtial, -  /* ©: |: 
and SOP the Axis at right 

Angles to it; ſet off 21. 36, 
the Declination, from to . 7 | 
and from Q to 5; and, by 


Q 


Prob; 61, draw the Parallel off , 0 
Declination 4 c b, at the Di- N x 
ſtance of 21% 36 from the N 5 
Aquinoctial; take the Half- * 1199 
Tangent of 42 27” in tbe Pano 25 21e 


Compaſſes, ſet-one Foot in the Dattain:!: REA e 281 nb 
Center, and deſcribe an Arch interſecting the Parallel of De- 
elination in d and ; a right Circle, NO Z, being drawn 
thro either of theſe. Points, as e, will be the Prime Vertical 
of the Place; then draw the Meridian 8 P, by Prob. 17, 
interſeQing: the Equinoctial in B, and forming the right- 
angled Triangle O B, right angled at B; in which is given the 
U 2:42.27 4. and the Perpendicular Be 2136, 
to find the Angle at O, the Latitude of the Place! Tbe right 
Circle NO Z being the Prime Vertical, or Azimuth of Eaſt 
and Weſt, it paſſes thro' the Zenith of the Place; whenge 
Z is the: Zenith, and Z Q, or the Angle „OB, is the 
Latitude of the Place, being the Diſtance of the Zenith from 
the ZquinoQiial. | Br IG ot ati” 


£ 


$6] This 


| 
| 
| 


| 
| 
| 
| 
| 


of 


of Altitude 
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This is an Extreme disjunct, and the Angle at O is one of 
the Extremes ; whence, by Lord Nepier's fourth Rule, and 
Ns Note, Page 266, 


As the Sine of Oe, 42% .27', —— Co. Ar. 0.170730 
Is to the Radius, — 10. 
So is the Sine of Be, 21. 36“, — 


To the Sine of BO, 33*. 3 South Latitude, 9.7 36725 


The Declination being South, the Latitude is South; and 
the Angle BO e, being the ſame with the Angle ZOQ, may 
be meaſured by Prob. 53. 


Prob. 102. 755 Declination of the Sun 22 360 South, and 
bis Altitude 16. 32 at Six Clock, given, 15 fan: the Latitude 


of the Place. 

Confrudti on. With the Chord 1 
68, 44 be the Meridian 1 
H RN; draw HO R the 
Vertical at right Angles to it; 
by Prob. 67, draw the Parallel 

a b c, at 16. 32” 
Diſtance 1 the Horizon 

HO RS take the Half-Tan- 
gent of 22. 36 in the Com- 
paſſes, ſet one Foot in O, and 
deſcribe an Arch interſeQing 
the Parallel of Altitude in 4 | 
and e; tino either of which Points, as 4, + wwe: a right 
Circle, Pais, _ will be the Axis, or Hour-Circle of Bix 
Clock ; kftly,: thro' the Points Z, d, and N, by rob. 17, 
draw the — — Z AN, iaterdebting the Horizon 
in 7, and forming the right · angled Triangle 20 right - angled 
at f, in which is given the Side ,d 169. R 
thenuſe Od 22 36, to find the Angle at O, the Latitude 
of the Plaoe, or che 'Llevation of 8, the'South Pole above thee 


Horizon. Ie: 
This is an Eatreme digjun&, and the Angle at O is one 


2 —— Nis fourth Rule, 


and its Note, Page 266, 
> codon As 


ef Ame. 325; 
As the Sine of Od, 22 Lid — Co. Ar. 0415335, 


Is to the Radius, — — — 10. 
So is the Sine of / d, 16. 37 : — 9454194 


To the Sine of / O d 47.45, South Latitude, — 9869529 
The Angle f O4 may be meaſured by Prob. 53. | 


Prob. 10 3. De Latitude of the Place —.— 32 . * 
the Altitude of the Sun at Six o'Clotk 185 * : 2 to find 
the Sun's Declinatian and Azimuth, 42 434 &Þ 


Con ruct1On, With the Chord 
of 600 draw the Meridian 4 
HZR N; draw the Horizon 
HOR, and the Prime Vertical 
ZON at _ Angles to it ; 
lay 51% 3a „ the Latitude, 
rl, Bren and from R to 
83 draw. the Axis P OS, and 
at right Angles to it dra 
A, O Q. the Æquinoctial; lay 
189. 9 from HN to a, and from 
H to 6 ; then lay the Half- | 
Tangent "of 1$* . 9 tam O to © WEI 5 
r, and, by. Prob. 4" draw 5 ＋ a, the Paratfel of Altitude, 
interſecting the Axis in O, the Place of the Sun at Sm 
o Clock; then, by Prob. 17, draw the Azimuth . Circle 
Z ON, interſecting the Horizon in B, and forming 'the'right« 
angled T rang © QB, right-angled at B; in which is given 
B © 18”. and the Angle at O 51” 32, to find the 
H . 2 ©, the Sun's Deelination; this is an Extreme 
die junct, and the Hypothenuſe is one of the Extremes; wheres 
— by Lord Netier s fourth Rule, and 1 its Mete, be 667 


As the Sine of & O B, 51 . — Co. Ar. 01206255 
s to the Radius, — — 10. 
80 is the Sine of B O, 78% 0%, . 


To the Sine of © ©, 23% 27", the Dectination 9.599721 


The Declination is North 23273 and the Hypothenuſ 
may be meafured by Prob. 43, 9 5 


- : bd % 
© * # # w+ * 


S&, 
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To find the Azimuth from the Eaſt or Weſt Point of the 

Horizon ; We bave the ſame Things given, to. find the Baſe 
g O, -which is an Extreme conjun&, and B O is the middle 
art; — wo Lord Napier s firſt good and its * 


Page, 6. 


bois the Tangent of B ©, 18 9.5 | . 
is the Co-tangent of © OB, er 9.900087 


r 


To the Sine of BO, 15 6“, the ee, — 9.475718 


The Azimuth is- 15 6“ from the Eaſt or Weſt, North-. 
ward; and the Side ng may, be meaſured by. Prop, 4352 as 


= former, 
Prob. 104. The Sun 8 Dedlination 22” , 585 North, and his 
Ae at Sir oClock 108 2 from the Meridian, or 
18 046 from the Eaft Point 'of the Horizon Nerthward, 
given, to Ind the Latitude of the lace. o ou ä 
 ConftruZtion.. With the Chord n 


of 60% draw the Meridian 
K P Os; draw E O Q the H 
Kauinggtgl, ane POS, the g/ 
Axis at, right . Angles to it; | 
by Prob. 62, * a © 1 40 
the . Parallel e — 
32% 38 ſom tbe A ui- | 
notial; interſecting the Axis, ion 

in O.; by. Prob. 59, draw —＋ | "N | 
EE Ciucle thro” the Point n 

—— make An Angle ot eee. ” 
(the Complement of a 

185 2 the Azimuth from the Prime n the 
primitive „Eircie, interſecting it in the Points Z and N, the 
Zenith and Nadir of the Place; then draw Z ON the Prims 
Vertical, and HO R the Horizon at right Angles to it, 
interſecting the oblique Circle Z ON in A, r forming the 
right angled Triangle O © A, right-angled | at A; in which 
is given the Hypatbenuſe O O 22%. 58, and the Baſe O A 
18. 46“, to find the Angle HO „ the Latitude of the 


Thee 3 3 Which is an — conjundt, and the Angle at O i 5 
t 
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the middle Part; wherefore, by Lord Nepier 8 firſt Rule, 
and its Note, Page „ er 


As the Radius, ——— — 10. 


[ 


— — 


Ts to the Co-tangent of O ©, 23? 58 „25 19˙372857 
So is the Tangent o of O A, 18“. 46 ns Bb "It ob 531 798. 


To the Co- ſine of © O A, 36. 42 North =_ : 9. 904047 
The Angle at Q may be iba on Boob. 83. 


Prob. 1056. The: Sun's Azimuth" at Sis „h, 145 14 
North of the Prime Vertical, and his 4 Abinude 17 57.5 5 N 
to find the Latitude of the Place. .\ 2 - 


Conſtruction. With the Chord 15 
of 60%, draw the Meridian res 
HZRN; draw HOR the -- 
Horizan, and; Z.ON the Prime 
Vertical at right. Angles to it; 
lay the Altitude, 17“. 57, from 
R to a, and, from H to i, and 
draw the Parallel of Altitude, 50 Wk? 
205, by Prob. 61, at 179. 57 
Diſtance from the Horizon, in- 
tetſecting the Prime, Vertical in 
O; through O, and the Cen- 
ter O, draw the right Circle 
P.© Os, the Axis or Hour-Cirds of FEAR which fas the 
yea: Triangle © O A, right-angled at A; in which 

is given the Baſe A.O 14*. 55 and the Side A O17. 57 
to find the Angle AO O, the Latitude of the Place ; 3 which 
is an Extreme conjunct, and the Angle at O is one of the 
Extremes ; wherefore, by Lord 6 9 6 8 00 We and its 


Nete, Page 266, 


As the Tangent of © A, 17 en Co. Ar. 0.489515 
Is to the Radius, — — — 10. 


$0 is the Sine of A O, 14% 45 _ 9:430632 


To the Co-tang. of AO ©, 519. 32', North Lat, © 9.900147 


The given Declination being North, and the Sun being 
bove the Horizon at Six o' Clock, the Latitude is 51. 32 
North. The Angle at O may be mzafured by Prob. 53. b 

rob. 


. 45 „ and the Perpendicular D & x9? 
the ang 
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Prob. 106. D Sun being due Eaft at ſeventeen 2 paſt 
Eight in the Morning, and his Declination 19. 57 * North, 
given, to"find the Latitude of the Place. | 


Conflru##ion. With the Chord © - © | 
of 60 draw the Meridian 
EPOS, draw A O Q the. 
Aaquino&tial, and POS the 
Axis at right Angles to it; la, // 
19* 57 from A to à and . 
from e bx hon. lay the 
Half- T angent 0 9. 57 on 
the Axis from O 7 c, and, by 0 
Prob. 17, draw the Parallel of 
Declination a 2 ; ſubtract- | 

ing eight Hours and ſeventeen *' 8 

Minutes from Twelve o Clock, I 
or Noon; ,\there remains three Hours and (iteywttieee Minus 
for the Time the Sun wants of coming tö che 1 
EPOS convert this three Hours and forty<three Minutes 
imo Degrees and Minutes, by Mowing 15 to tn Hour, an 

15. of the Equinox ſor one Minate of Time, and it 
55». 45 ; lay, by Prob. 42, Cafe 2, this 5g 47 on the 
Aquibox from Qto D, and, by Prob Ay, draw the Meridian 
PDS, interſecting the Parallel of Declination 4 . 6 in S, 
which is the Sun's Place at the given Time; then thro” the 
Point © draw the right Circle Z ON, which is the Prime 
Vertical of the Place, Md” che two Points Z and N are the 
Zenith and Nadir. Ig the Locle, OD. right-angled 
57's to 
"of O, being the Diftance of the Zenit from 
— which is always equal to the Latitude. BREE 

This is an Extreme conjunct, and the Angle at O, being 

one of the Extremes, may be. found by Lord wry ſecond 
Rule, and its Nete, Page 266, 


As the Tangent of D ©, 19%, 57, — Go. Ar. Lois 


Is to the Radius, — - 10. 
So is the Sine of O D, 30015, — 9.750358 


To the cf Ob. 32* 49's — 10.790473 
The 
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The Declination Wk North, and the Sun being due Eaſt 
— he was above che Horizon, the Latitude 4s 325 40 
The Angle at o, being made at the Centar 5 che right 
Circles Æ O and Z ON, may be meaſured by Prob. 53. 

If a right Circle were drawn at right Angles to the right 
Circle Z ON, it would be the Horizon of the Place, above 
which P, the North Pole, would be elevated 32. 49 


Prob. 107. 'The Sun due Eaft at forty-fix Minutes after 
Seven in the Morning, and his Altitude 28. 53 at the ſape 
Time, given, to find the Latitude of *. Place.” 1 

Conſtruction. With the Chord "kth 
of 60, draw the Meridian 
K P Qs; draw E O Q the 
EquinoQial, and POS the 
Axis at right Angles to it; 
then converting the Time from 
Six o Clock, one Hour and £2 
forty- ſix Minutes, into Degrees bas + 
and Minutes, it makes 265. 15, N 
Which lay from O to B, „3 | 
Prob. 42, Caſe k, and draw — 
the Meridian PB 8, by Prob. 8 
a7 ; ; then take the Hall. Tan- | | | 
gent- of the given Altitude 28% 57 from the Scale, fet 
one Foot of the Compaſſes in the Center O, and with the 
other interſe& the Meridian PB S in the Point ©; thro” che 
Point © draw the right Circle Z © O N, the Prime Vertical 
of the Place, which "completes the Triangle O.© B, right- 
angled at B; where we have given the Hypotbenuſe O0 
. and the Baſe O B 26% 300, to find the Angle at 
O, the Latitude of the Place. 

This is an Extreme conjunct, and the Angle at O, beiag 


the Part, may be 2 by Lord Nepier” s firſt mall 
and its Note, Page 265: 
As the Radius 0. 


Is to the Co-tangent of OO, 289% 53 — 10.258335 
So is the Tangent of O B, 269. 30“, —— 9.697736 
To the Co-ſine of © O B, 259. 20, — Sy 9. 956072 


Therefore the Latitude is 25* ..20”, and may be either 
North or South. 
Prob. 


320 MATHEMATICS. 


Prob. 208. The Stn being in the Equinedtial, bis Azimuth 
24% 2 at ſeventeen Minutes after One o Clock in the Aſter- 
noon giurn, to find the Latitude of the Places | 3 


Conſtruct ion. With the Chord 
of 60, draw the Meridian 
APQS; draw the Aqui- 
noctial EO Q, and POS the 
Axis at right Angles to it ; by 
Prob. 42, Caſe 2, lay 19®%.t5” 
(that is, one Hour and ſeven- * 
teen Minutes, the Time from 
Noon) on the Aquino&ial 
from to O, and, by Prob. 
17, draw the oblique Circle 
e an AKA 
draw an oblique Circle thro* the Point O, to make an Angle 
of 24*;2', the given Azimuth, with the Meridian, inter- 
ſecting it in the two Points Z and N, the Zenith and Nadir 
of the Place; draw Z ON the Prime Vertical, and the 
Horizon H O R at right Angles to it, interſecting the oblique 
Circle Z ON in a, and forming the right-angled ſpherical 
Triangle O © a, right-angled at a; in which is given the 
- Hypothenuſe O © 70. 45, the Complement of © Q,, 
the Time from Noon, and the Baſe O a 65 58“, the 
Complement of the given Azimuth, to find the Angle 
©Oa, the Complement of Z O Q, the Latitude of the 
Place ſought. 1 

This is an Extreme conjunct, and the Angle at O, being 
the middle Part, may be found by Lord Nepier's firſt Rule, 
and its Note, Page 265: 


As the Radius — ——— 10. 


. 


Is to the Co-tangent of O ©, 50*%.45', — 9.543094 
So is the Tangent of O a, 65. 58”, * 10.3507 37 


To the Co- ſine of © O a, 328 27, the Com- 5 1 
plement of Latitude, aka 15 — 19.893837 


Therefore the Latitude is 31. 33 either North or South, 
as the Obſervation is made either on the North of South 
2 Side 
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Side of the Equinox; but the Figure is here made for North 
Latitude. 4; Fs v4 
The Angle at O, being made at the Pole of the primitive 
Circle, may be meaſured by Prob. 47; If it were required to 
find the Altitude, the ſame Parts being given, the Perpeti- 
dicular a © may be found by Lord Nepirr's fourth Rule, and 
its Note, Page 266, as the required Perpendicular is one of the 
Extremes disjunct. | 


Having gone thro' the principal Aaſtronomical problems 
ſolvable by right-angled ſpherical Trigonometry, I ſtall now 
add ſome uſeful Problems in oblique Trigonometry. 


Prob. to. The Latitude of the Place 5 1%. 32 North, the 
Sun's Declination 22%, 4 North, and his Altitude 49? . 29 
given, to find his Azimuth. „ 

Conſt ruct ion. With the Chord 
of 60%, draw the Meridian 
HZ RN; draw HO R the 
Horizon, and at right Angles 
to it Z ON the Prime v 
tical; 1. 32, the Lati- 1 — 
tude, — N 60 K. and from H W- \ 
Z to Q then draw ZOQ, 
the AquinoQial, and at right 
Angles to it POS the Axis; 
by Prob. 61, draw the Parallel 
of Declination ac, at 22.47 
Diſtance from the Æquinoctial; 


and the Patallel of Altitude & e f, at 40% 29 Diſtance from 
the Horizon, interſecting the Parallel of Declination ac in G, 
the Sun's true Place; through which, by Prob. 17, draw the 
Meridian P © S, and the Azimuth-Circle Z ON at right 
Angles to it, which will complete the oblique-angled Triangle 
2 OP; in which is given the Side Z O 40 31; the Com- 
plement of the given Altitude, the Side PZ 38 28, the 
Complement of the given Latitude, and the Side PO 67. 137, 
the Diſtance of the Sun from the elevated Pole, which, in this 
Caſe, is the Complement of the given Declination, to find 
the Angle PZ ©, the Sun's Azimuth from the North Part 

of the Meridian. | 
Here are the three Sides given to find an Angle, which may 
be done by Prob. 92, where we have ſhewn the W 
| KB this 
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this Problem, 'both by letting fall a Perpendicular, and alfo 
by a Method without a Perpendicular, as follows : 


Three go. 28 ZP. -3* . 6 Falf- Sum. 
EY on 155 . 31 Z O. 38 . 28 ZP ſubtract. 
| 67 .13' OP. Err alu 


— - OIL 34 . 38 Remainder, 


73. 6 Half. Sum. 73% 6 Half-Sum. 
8 40 . 31 Z © ſubtract. 


32 35 Remainder. 


Sine of 34*. 38 9.754595 


Sine of 32. 33353 — — 9.731206 

Sine of 38 . 28 — Co. Ar. o. 206168 

Sine of 40 31k — Co. Ar. o. 18738 
19.879277 


Sine of 60 . 29 — — 9.939638 


Which, being doubled, gives 120? . 58” for the Angle 
P Z'®, the Sun's Azimuth from the North Part of the 
Meridian; and this, being ſubtracted from 180 the Re- 
mainder, 59 2, is the Sun's Azimuth from the South, 
being the Angle RZ ©, which is made at the Periphery, 
and may be meaſured by Prob. 54. 267] | 
In the fame Manner may the Angle at P be found, which 
is the Time from Noon. he two containing Sides in that 
Caſe will be PZ and PO, the Arithmetical — * of 
their Sines added to the Sines of the Half-Sum and Remainder, 
as before : The Half of that Sum will be the Sine of 189. 35; 
whoſe Double, 37. 10“, is the Angle Z PO or QP O, the 
Time from Noon; which, being converted into Time, is 
two Hours, twenty-eight Minutes, and forty Seconds; there- 
fore, if it were in the Forenoon, it is thirty-one Minutes 
and twenty Seconds after Nine o'Clock ; but, if in the After- 
noon, twenty-eight Minutes and forty Seconds after Two. 
Thus this Triangle contains the — of the Lati- 
tude in the Side PZ, and the Complement of the Sun's De- 
-clination in the Side PO, when the Declination and Latitude 
93 2 | are 
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are both the. ſame, as in the preſent Caſe; but, if the De- 
clination and Latitude are, one North, the other South, then 
the Side PO will be the Sun's Declination added to 90%, as 
may be ſeen by drawing a Parallel of Declination on the 
contrary Side of the Æquinox, as 5 r 2; for, in that Caſe, 
the Sun's Place will be at r, and the Side P 7 is the whole 
Quadrant P 4 more than the Declination 2 r. And, as the 
Angles at Z and P are the Sun's Azimuth and the Hour of the 
Day, this one Triangle is ſufficient to ſolve all the ſeveral 
Problems wherein three of theſe five Parts are given to find the 
other two. The Method of projecting the Triangle and find- 
ing the required Parts, in all the different Caſes that can be 
put, may be found in the Problems of oblique-angled ſpherical 
Triangles, from Prob. 80 to Prob, g1 incluſive. 

But, as ſome of thoſe Caſes require the primitive Circle to 
be the Azimuth or Meridian-Circle, on which the Sun is, and 
not the Meridian of the Place, it will be proper to give an 
Example in each of thoſe Caſes; for, when a given Side 
adjoins to a given Angle, that Side muſt always be laid on the 
primitive Circle, 


Prob, 110. The Sun's Declination 225. 54 Nortb, and bis 
Altitude 14. 36 at three Minutes paſt Two Clock. in the 
Afternoon, given, to find the Latitude of the Place : (Suppoſe 
South Latitude). | 

Here are two Sides, viz. the Declination added to go“, (the 
Latitude and Declination being contrary Ways) 112*. 54; 
and the Complement of Altitude, 75* . 24, with the Time 
from Noon, two Hours and three Minutes; which, being 
converted into Degrees, is 30%. 45, the Angle oppoſite one 
of the Sides given, to find the third Side, being the Comple- 
ment of the Latitude. 

Conſtruction. With the Chord 
of 60%, draw the Meridian 
ASPQ; draw EO Q the 
Equinox, and SOP the Axis 
at right Angles to it; as the 
Latitude is South and Declina- 
tion North, lay 22. 54 from 
to O, which will be the Sun's 
Place, and.the Side $ © will be 
the Sun's Diſtance from the viſi- 
ble Pole, or his Declination added 
to go“; by Prob. 48, r an 
N t 2 
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oblique Circle SZ BP, to make an Angle with the primitive 
Circle of 30%f 45” at the Point 8, and SZ BP will be the 
Meridian of the Place; lay 75*. 24, the Complement of Al- 
titude, from © to a, and from © to 5; then draw the Parallel of 
the Sun's Altitude 4 2), at 759. 24” from the Point ©, inter- 
ſecting the Meridian in æ, the Zenith of the Place; and an oblique 
Circle, being drawn from the Point O thro' the Point z, will 
be the Azimuth-Circle on which the Sun is, and completes | 
the oblique-angled Triangle S Oz; in which we have given 
the Side 8 @ 112%. 54, the Sun's Declination added to go, 
or his Diftance from the elevated Pole, the Side © z 75. 24, 
the Complement of the given Altitude, and the Angle at 8 
30%. 45”, the Time from Noon converted into Degrees, &c. 
to find the Side S z, the Diftance of the Zenith from the 
. Pole, being the Complement of the Latitude of the 
ace. | 
Here being two Sides, with an Angle oppoſite one of them, 
riven, to find the third Side, it may be done by Prob. 87: 
or, If a Perpendicular be let fall from the End of the given 
| Side 8 O on the Side Sz, by drawing an oblique Circle from 
the Angle at © thro' p the Pole of the Meridian S 2z p, it 
will interſect the Circle Sz P at right Angles in B, and 
thereby form the two right-angled Triangles 8 BO and 
2 B ©, both right-angled at B; in the former of which are 
given the Side $ © 112%. 54, and the Angle at S 30%. 45, 
to find the Perpendicular B O; which is an Extreme disjundt, 
and the required Perpendicular is the middle Part; therefore 
it may be found by Lord Nepjer's third Rule, and its Note, 
Page 266: But, as the Side 8 O is more than a Quadrant, we 
muſt take the Supplement of it to 180®, which is 67* . 60; 
and the Proportion will be, | | | 


As the Radius 


10. 


„ — 


So is the Sine of B S O, 30% 45 9.708670 


Is to the Sine of the Supplement of 8 O, 67%.6', 9.964347 


To the Sine of B ©, 282.6", 


PI 8 


1 1 
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As the Co- tangent of the Supplement of * 
| 8 05 675 65 — 5 Co. Ar. o. 374259 
Is to the Radius, — 10. 


$0 is the Co-ſine of BS O, 30% 4, — 9.934199 
To the Tang. of the Supplement of 8 B, 63“. 4975 10. 308 458 


Which, being ſubtracted from 180, gives 8 B 116. 11". 
Then, in order to find S 2, the Complement of Latitude, we 
muſt find the Side B z of the right- angled Triangle z B ©; in 
which we have given the Hypothenuſe ® z 759 24”, and the 
Perpendicular B © 28. 6”, by which either of the oblique 
Angles may be found, as the Angle at z; which is an Extreme 
disjunct, and one of the Extremes required ; therefore, by 
Lord Nepier's fourth Rule, and its Note, Page 266, 


As the Sine of Ox, 75. 24, — Co. Ar. 0.014255 
Is to the Radius, — man | 


So is the Sine of BO, 28% .6', —— 9.673032 
9.687287 

Having found the Angle at z, with that, and the given 
Hypothenuſe O x, the Side B may be found by Lord 


Nepier's ſecond Rule, and its Note, Page 266; being an Ex- 
treme conjunct, and one of the Extremes required : 


To the Sine of Bz ©, 29%.8", 


As the Co-tangent of Ox, 75%. 24, — Co. Ar. 0.584225 
Is to the Radius, — 10. 
So is the Co- ſine of Bz O, 29.8, — 9.941258 


To the Tangent of Bx, 73%. 24, — 10.525483 


Which, being ſubtracted from the before- found SB 116. 17, 
leaves Sz 42. 4, the Complement of Latitude; and that, 
ing ſubtracted from 90, leaves 17. 13. South Latitude, 

ut. | 2 

it the Sun's Azimuth had been required, the Angle at z is 

the Azimuth from the South, which we have found to be 

29%. 8“; whoſe Supplement to 180® is 151%. 52”, the Sun's 
Azimuth from the North Part of the Meridian. 


Prob. 


% 
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Prob. 111. The Altitude of the Sun 11. 45, his Declina- 
tion 23* , 26" North, and his Azimuth from the South 62. 16 
given, to find the Latitude of the Place. | oy 


Here the Side repreſenting the Complement of the Altitude 
is adjoining to the Angle of the Azimuth; therefore the 
primitive Circle will be the Azimuth, on which the Sun is at 
that Time. | | ot 


Canſtruction. With the Chord 2 
of 60, draw the Azimuth-Circle | 2 
HZ RN; thro' which draw 
HO R and Z ON at right 
Angles, for the Horizon and 
Prime Vertical; by Prob. 48, 
draw an oblique Circle, Z DN, H= 
to make an Angle of 62. 16”, 
equal to the given Azimuth, 
with the primitive Circle in the 
Point Z, and Z D N is the 
Meridian of the Place; lay 
78. x5”, the Complement of D* W 
the given Altitude, from Z to O, which will be the Sun's 
Place at that Time; then lay 66. 34, the Complement: of 
the Sun's Declination, both Ways, from © to à and 5, and 
draw the Parallel of the Sun's Declination a P, interſecting 
the Meridian in P and p; thro' either of theſe Points and 
Z N, draw the oblique Circle HP ©, (or Hp ©) which will 
complete the Triangle Z OP, (or Z O5); in either of 
theſe are given the Side Z O 789. 15”, the Complement of 
Altitude, the Side P O (or p ©) 669. 34“, the Complement 
of Declination, and the Angle at Z 629 16“, the Sun's Azi- 
muth from the South, to find the Side Z P, (or Z p) the 
Complement of the Latitude of the Place. 

This may alſo be done by Prob. 87: A Perpendicular being 
Jet fall from the End of the Side Z © on the Side Z P, (or 
Z.p) by drawing an oblique. Circle from O, thro' v, the Pole 


of the Circle Z P 2 N, will interſe& it at right Angles in 


the Point D, and form the right-angled Triangles Z © D and 
PO D, (as alſo p © D) all right-angled at D; in the firſt 
of which we have the Side Z © 78. 15 and the Angle at 
Z 62*.106', to find the Perpendicular © D; which is an 
Extreme disjunA, and the middle Part required; whence, by 
Lord Nepier's third Rule, and its Note, Page 266, A 


As the Radius 1 


4 1 K 
* - 7 *Q * — d 4 
= — 7 hy 


Is to the Sine of Z ©, 78% 3 2 © 9-990803 
So is the Sine of DZ O, 62. 160, w mag 9.947004 


. 


Lo the Sine of © D, 6⁰² 4s — hy 9.937807 


Then, by the ſame Parts given, to \ ind the Baſe Z, D, is an 
Extreme conjunct, and one of the Extremes required; wh 
by Lord Nepier's ſecond Rule, and its Nete, Page. 266, - 


As the Co-tangent of 2 O, 780. . 18 Co. Ar. 0.68 1936 
Is to the Radius, — — 10. | 
So is the Co- ſine of DZ ©, 629. 16, — 9.667786 


To the Tangent e of DZ, 65? 55s", — 10.349722 


Then, in order to find the Side Z E. the Complement of 
Latitude, we muſt firſt find the Side 5 D, the Baſe of the 
right-angled Triangle POD; in which we have the Hypo- 


thenuſe PO 66. 34', and the Perpendicular OD 64% 4", 


by which either of the oblique Angles may be found, as the 
Angle at P; which is an Extreme disjunct, and the required 
Angle is one of the Extremes; therefore, by Lord * 
fourth Rule, and its Note, Page 266, 


As the Sine of P ©, 669 „nn nn 0.037383 
Is to the Radius, IN | — 19. 1 
So is the Sine of © D, 60. 4 : — —-— 4. 


To the Sine of © PD, 70? * > at 9-975205 


Now, by the Angle at P, and the Hypothenuſe N. ©, given, 
to find the Baſe PD, is an Extreme conjunct, and the 
required Baſe is. one of the Extremes; therefore, by Lord 
Nepier's ſecond Rule, and its Note, Page 266, 


As the Co-tangent of PO, 66. 3+ „ Co. Ar. 0.363081 
Is to the Radius, ——— — 10. 
So is the Co · ſine of © PD, 70%. 49. — 9.516657 


To the Tangent of P 5 187, — 9.879738 
Which, 
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Which, being ſubtracted from Z D 65% 55 before found; 
leaves Z P 289. 9, the Complement of Latitude; and that, 
being ſubtracted from o, gives 61. 51 North Latitude. 

If the other Triangle, Z © p, were taken, then Z p would 
be the Complement of Latitude; but, as Z þ is more than 
a Quadrant, the Latitude would be South. | 

If the Hour of the Day were required, the Angle © P D 
is the Time from Noon, which we have found to be 75. 57; 
this, being converted into Time, gives five Hours, three 
Minutes, and forty-eight Seconds; ſo that, if it were in the 
Afternoon, it would be three Minutes and forty-eight Seconds 
paſt Five; but, if in the Forenoon, fifty-ſix Minutes and 
twelve Seconds paſt Six in the Morning. | 


Prob. 112. To explain the SOLAR SYSTE My 
commonly called the Syſtem of the World. 


T wo different Syſtems of the Sun and Planets have obtained : 
One called the Prolomaic, from its ſuppoſed Inventor Cx avyrvs 
Proton aus, who flouriſhed in the ſecond Century; but 
was aſſerted by Ari/totle *, Hipparchus , and moſt of the 
antient - Philoſophers, and followed by almoſt the whole World 
for many Ages: The other called the Copernican, from 
Nicnoras CoyrRnicvs, born at Thorn, in Pruſſia, 
in'1473, the Reviver of this Syſtem, after it had been neg- 
lected tor many Ages; tho' this was antiently aſſerted by 
ſeveral of the moſt eminent Philoſophers, particularly by 
PyYTHAGORASYS, and therefore ſometimes called the Py- 
thagoric Syſtem. | | 

There has been alſo a third Syſtem, called the Tychonic 
Syſtem, from Ty cno Br ans the Inventor, a noble Dane, 
born in 1546 ; but this has ſcarce been followed by any 
Aſtronomer of Nate. | f | 


- Of the Ptolomaic Syſtem. 


This Syſtem is founded on the Suppoſition of the Earth's 
being at Reſt in the Center of the Univerſe, and the Sun and 
Planets moving round it in their ſeveral Orbs: But then, 


* Ariftotle was a Diſciple of Plate, who was born 426 Years before Chriſt, | 
+ Heipparchus was a Greek Aftronomer, and lived about 120 Years before Chriſt. 
F Pyrbageras was 2 Greek Philoſopher, and flouriſhed in the Gxtieth Olympiad 
that is, about 540 Years before Chriſt, 
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the whole Heavens are ſuppoſed to revolue round the Earth in 
twenty=four. Hours; which; conſidering the immenſe Diſtance 
of the fixed Stars, is a Motion extremely rapid, and ſeems 
unneceſſary, ſince the ſame Appearances are produced by the 
Rotation of the Earth on its Axis in twenty: four Hours. 


In this Syſtem, the Earth is placed in the Center, and ſup- 
poſed immoveable; next is the Orb of the Moon, then the Orb 
of Mercury, the Orb of Janus next, and then the Otb of the 
Sun; next is the Orb of Mars, then of Fupiter, then Saturn, 
and the higheſt is the Och of the fixed Stars; al which 


are ſuppoſed to revolye round the Earth, from Eaſt to Welk, 
in twenty-four Hours: Beſides which diurnal Motion, the 
Planets, in their ſeveral Orbs, have a Motion from Welt 1p 
Eaſt, carrying them thro* the Heavens in different Perigdy. 
But, as the PFhænomena of the Planets, according to aſtia- 
nomical Obſervations, cannot be ſolved by this Syſtem, * 


- 


now almoſt univerſally given up by learned Men, 


Of the Copernican Syſtem,  _ 
To this Syſtem the Sun is placed in the Center, round which 


move the ſeveral Planets, Mercury, Venus, the Earth, Mars, 
U WE 5 | Jupiter > 
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Jupiter, and Saturn; theſe ſix are called the primary Planets, 
the Sun being the Center about which their Motions are 
The Earth: being the Center about which the Motion of 
the Moon is performed, the Moon is called a ſecondary Planet. 
Tupiter has four ſuch Moons moving round him, and Saturn 
ve; theſe ſecondary Planets, or Moons, the Aſtronomers 
call the Satellites of Fupiter, or Saturn. 


910 N 6 5 | a | 
*” Copernicus, finding the Prolomaic V r to be void of 
Beauty, Order, and Proportion, peruſed the Works of the 
antient Philoſophers, to find if any of them had given a more 
rational Account of the celeſtial Motions. The firſt Hint he 
had, according to the learned Mr. Maclaurin, was from 
Cicero, (2 Roman famous for his Eloquence) ; who ſays, that 
Nicetus, a Syracufian, had taught, that the Earth turned 
Found on its Axis, which 1oned the whole Heavens to 
appear as if they had a diurnal Motion round the Earth. Aſter- 
wards, Copernicus learned from Plutarch, (a famous Grecian, 
born in the Reign of Claudius, Emperor of Rome ) that 
 Philolaus, the Pythagorean, had taught, that the Earth moved 
annually round the Sun. This great Man immediately per- 
ceived,” that, by allowing theſe two Motions of the Zartb, 
n one 
r 
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one round its Axis in twenty-four Hours, and the other thro? 
the Heavens in a Year, all that Confuſion, Irregularity, and 
Diſorder in the Motions of the Heavens, inexplicable by the 
Ptolomaic Syſtem, immediately vaniſhed and diſappeared : In 
the Room of which, a regular Diſpoſition of the planetary 
Orbs, and a beautiful Harmony in their Motions, appeared 
obviouſly reſulting from this Hypotheſis. 

GALILEO, an illuſtrious Italian Philoſopher, towards 
the latter End of the ſixteenth Century, diſtinguiſhed himſelf 
in Defence of the Copernican Syſtem. He firſt applied a 
Teleſcope to the Heavens, and, by the Diſcoveries he made. 
there with that noble Inftrument, enlarged and confirmed the 
Copernican Syſtem, It had been objected to Copernicus, that, 
if his Syſtem of the World were true, Venus would undergo: 
the ſame Changes and Phaſes as the Moon: To which, for 
Want of the Invention of Teleſcopes, he could only anſwer, 
That, perhaps the Aftronomers would, in future Times, diſcover 
Venus did really undergo all thoſe Changes. This prophetic; 
Conjecture was firſt fulfilled, when Galileo, by the Uſe of the 
Teleſcope, diſcovered Venus under thoſe ſeveral Changes. 
Beſides which, he diſcovered the mountainous and uneven: 
Surface of the Moon, the Spots in the Sun, and his Revolution: 
upon his own Axis. He alſo diſcovered that Jupiter had. 
four Satellites, or Moons *, moving round him at different 
Diſtances,” as the Moon moves round us: But his Teleſcope: 
was not perfect enough to diſcover the Moons of Saturn. 
Huygens, in the Year 1655, on the twenty-fifth of March, 
with a Teleſcope twelve Feet long, firſt diſcovered. one of 
Saturn's Moons: Since that Time, four others have been 
diſcovered by Caſſini, at different Times, by Campant's Glafles,: 
in T of one hundred and one hundred and thirty-fix; 
Feet long. At the ſame Time was diſcoyered a Ring en- 
wan the Body of Saturn, which is ſuppoſed. to reflect, 
the Light and Heat of the Sun on the Body of Saturn, to 
ſupply the great Deficiency. occaſioned by his Diſtance from 
that Fountain of Light and Heat, n * 
The immortal Sir Is AAc Nzw Ton, the Glory of the 
Britiſh Nation, was the firſt that inveſtigated the true Cauſe 
of the planetary Motions: He applied the Principle of the 
vaiverkal Gravitation of Matter to Matter, to the Reſolution: 
of the planetary Motions. The Accuracy and Agreement 


* Which he called the Medicean Stars, in Honour to the Name of Medicis, the. 
Family of the Great Duke of Tuſcany, to whom he was chief Mathematician. 


Uu 2 ſound 
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. found betwixt the Concluſions drawn from the Theory of 
Gravity, with the Obſervations of Aſtronomers, is a rational 
and evident Proof of the Truth of his Hypotheſis. Thus, by 
one ſimple Principle, which obtains in all Parts of the material 
World, are the Motions of the ſeveral amazing Bodies in the 
r Jyſtem perſornedl.....d᷑rĩ 8? 
The Diamgter of the Sun is computed at 763460 Engliſh 
Miles, whence the Circumference is 239848 5 Engliſh Miles: 
It turns upon its Axis once in about twenty-ſeven: Days, 
which is computed from the Motion of ſome Spots that appear 
near the Edge of the Diſk or Face of the Sun, and go over it, 
and diſappear for about the ſame Time they took to paſs over 
the Diſk. If the Magnitude of the Planets, Mercury, Venus, 
the Earth, Mars, Fupiter, and Saturn, are added into one 
Sum, their Magnitude would be to the Magnitude: of the Sun 
as about x to 523. ne 1 + 
The Planet next to the Sun is Mercury, whoſe Diameter 
is 2460 Engliſß Miles, whence its Circumference is 7724 
Miles. Mercury is diſtant from the Sun 32000000 Miles; 
the Circumference of the Orb is 201924000: Miles, which it 
moves through, or the periodical Time is eighty-ſeven Days, 
twenty-three Hours, and ſixteen Minutes, which is at the 
Rate of 95126 Miles in one Hour. The Heat Mercury 
receives from the Sun is ſeven times more than the Heat we 
have from the Sun. Mercury is never ſeen thirty Degrees 
from the Sun. S Longg” on £9 
Next to Mercury is Venus, whoſe Diameter is 7906 Engliſh 
Miles, whence her Circumference is 24823 Engliſh Miles. 
Phe mean Diſtance of Venus from the Sun is 5yocooS0 Miles; 
the Circuinfetence of her Orb is 3506 36000 Miles, which 
ile paſſes over, or the periodic Time is two hundred and 
twenty- four Days, ſixteen Hours, and forty-nine Minutes, 
Which is at the Rate of 68725 Miles in an Hour. Venus 
has alſo a Rotation on her Axis in twenty-three Hours; and 
reveives from the Sun twice as much Light and Heat as we. 
Venus is never ſeen above forty- ſix Degrees from the Sun. 
The Earth moves in the next Orb, accompanied with the 
Aon. The Earth's Diameter & 7964 Engliſh Miles, and 
its Circumference 25020 Miles, tho' ſome make it ſomewhat 
more. The Zarth's mean Diſtance from the Sun is 81 000000 
Mites z and the Cireumference of the Orb is 508939200 
Miles, which the Earth paſſes over, or the periodic Time is 
three hundred and fixty-five Days, five Hours, and forty- 
nine Minutes, which is at the Rate of 38064 Miles — an 
| Hour. 
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Hour, The Earth hes 4 Rennen about its Axis in twenty 
fapr Hours. 

Round the Rar moves ; tha Mov, 8 Diameter is 
2175 Miles, and her Cireumference is 6834 Miles: Her mean 
Diſtance from the Earth is 240000 Miles; and the Circum- 
ſetence of the Orb is 1507963 Miles, which ſhe encompaſſes 
in twenty: ſeven Days, ſeven Hours, and forty-three Minutes, 
which is at the Rate of 2309 Miles in an Hour. The Moon 
revolves. about her own Axis in the ſame Time, viz, twenty- 
vu Days, ſeven Hours, and forty-three Minutes. Beſides 

is Motion of the Moon in her Orb, ſhe is carried along with 
the Earth round the Sun once in a Year. 

Mars moves round the Sun next above the Earth, The 
Diameter of Mars is 4442 Miles, and his Circumference is 
13960 Miles: His mean Diſtance from the Sun is 12 3900000 
Miles; and the Circumſerence of the Orb is 77 3686000 Miles, 
which he encompaſſes, or his periodic Time is fix hundred 
and eighty-fix Days, twenty-ſeven Hours, and twenty-ſeven 
Minutes, or one Year, three hundred and twenty-one Days, 
ſeventeen Hours, and thirty-eight Minutes, which is about 
46925 Miles in an Hour, ö performs his Revolution upon 
bis Axis in twenty-four Hours and forty Minutes. The 
Light and Heat this Planet receives from the Sun is leſs by one 
Third than what we enjoy. 

This Planet, moving in the next Orb to the Barth; is 
ſometimes very near the Earth, and at others at a far greater 
Piſtance : Thus, when the Earth is at a, if Mars be at 
, the Diſtance will be but 420000co0 Miles; but if, when 
the Earth is in a, Mars is at e, the Diſtance will then be 
about 20400000 Miles; which is the Reaſon that the ap- 
parent Diameter of Mars is five times greater when the Barth 

is at a and Mars at , or in Oppoſition to the Sun, than 
it is when the Earth is at a and Mars | in e, or in Conjunction 
with the Sun. N 

The next is Fupiter, whoſe Diameter is $11 55 Miles, and 
his Circumference is 254908 Miles: His mean Diſtance from 
the Sun is 424000000 Miles; and the Circumference of his 
Orb is. 2662280000. Miles, which he paſſes over in ſour 
thouſand, three hundred and thirty-two Days, twelve Hours, 
and twenty Minutes, his periodical Time, which is near 
twelve Vears, whence he moves about 25603 Miles in an 
Hour. The Proportion of Heat this Planet receives from the 
Sun is but one thirtieth Part of what we receive. Jupiter 
performs his diurnal Motion on his Axis in nine Hours and 


fifty -· ſix Minutes, Jupiter 
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upiter has four Satellites, or Moons, attending him, to ſupply 
the Defect of the Sun's Light, The firſt Satellite of Fupiter, or 
that which is neareſt to him, is diſtant from Jupiter about 
227234 Engliſh Miles, and moves round him in one Day, 
eighteen Hours, twenty-cight Minutes, and thirty-fix Seconds: 
The ſecond is diſtant 365 197 Miles, and moves round him in 
three Days, thirteen Hours, eighteen Minutes, and fifty-two 
Seconds : The third, at 568085 Miles Diſtance, moves round 
him in ſeven Days, three Hours, fifty-nine Minutes, and forty 
Seconds: The fourth and laſt is diſtant from Jupiter 1027949 
Miles, and moves round him in fixteen Days, eighteen Hours, 
five Minutes, and fix Seconds. FI * | | 
Another Phznomenon peculiar to Jupiter, is, that he has 
three lucid Zones, or Belts, e encompaſſing his Body, which 
Sir Iſaac Newton ſuppoſes to be made in his Atmoſphere. In 
theſe Belts are ſeveral Spots, by which, it is faid, Fupiter's 
Motion on his Axis was firſt diſcovered. | 
The higheſt Planet in our Syſtem is Saturn, whoſe Diameter 
is 67870 Miles, his Circumference 254908 Miles. His mean 
Diſtance from the Sun is 7775000000 Miles, and the Circum- 
ference of his Orb is 4881891000 Miles. His periodic Time 
being ten thouſand ſeven hundred fifty-nine Days, fix Hours, 
and thirty-ſix Minutes, which is near thirty Years, his hourly 
Motion is about 18905 Miles. The Proportion of Heat this 
Planer receives from the Sus is about one ſixtieth Part of what 
we enjoy on the Earth. | . | ; 
Saturn is attended by five Satellites, or Moons : The neareſt 
is diſtant from Saturn 148465 Engliſh Miles, and moves 
round him in one Day, twenty-one Hours, eighteen Minutes, 
and thirty-one Seconds: The ſecond is diſtant 190036 Miles, 
and moves round him in two Days, ſeventeen Hours, forty- 
one Minutes, and twenty-ſeven Seconds: The third is diſtant 
27x480 Miles, and moves round him in four Days, thirteen 
Hours, forty-ſeven Minutes, and ſixteen Seconds: The fourth 
is · diſtant 610830 Miles, and performs his Revolution in fifteen 
Days, twenty-two Hours, forty-one Minutes, and eleven 
Seconds: The fifth and laſt is diſtant 1832490 Miles, and 
moves round him in ſeventy- ſour Days, ſeven Hours, fifty- 
three Minutes, and fifty-ſeven Seconds. | 
The great Diſtance of the fourth and fifth Satellites of Saturn 
has given ſome Sufpicion that there was one betwixt them, 
but it has not been diſcovered, notwithſtanding the Improve- 
ments that have been made in Teleſcopes, RY 
he 
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Theſe Secondaries, or Moons, beſides the great Uſe to give 
Light to their primary Planets, have been of ſingular Uſe in 
ſolving two. noble Problems in Philoſophy ; to determine the 
Longitude of Places on the Earth, and the Velocity of Light. 
Roemer was the firſt that made any Obſervations of this Kind 
and he determined the Velocity of Light to be ſuch, that it 
came from the Sun to us in about eleven Minutes; but the 
immortal Newton has fince ſhewn that Light does not take 
up ſeven Minutes in coming from the Sun to us. 
Beſides theſe Bodies continually moving round the Sun, and 
called the primary and ſecondary Planets, there are other Bodies 
that make their Appearance for ſome Time, and then diſappear, 
called Comets. It is now well known that the Comets obſerve 
the ſame Law in their Revolutions round the Sun as the 
Planets ; but then, as the Planets move through the Heavens 
all the ſame Way, the Comets move through the Heavens 
in all Manner of Directions. | 
The antient Ægyptians and Chaldeans, by a long Courſe of 
Obſervations, were ſaid to be able to predict the Apparition 
of Comets; but as, by the ſame Arts, it is ſaid they have 
ſoretold Earthquakes and Tempeſts, their Knowledge was 
rather the Reſult of Aſtrological Calculations than of Aſtro- 
nomical Theories. Ar:itotle's Opinion, that Comets were 
nothing but Vapours or airy Meteors, prevailing among the 
Greeks, brought this Part of the celeſtial Science into neglect. 
But Seneca the Philoſopher, having conſidered two remark- 
able Comets that appeared in his Time, placed them amongſt 
the celeſtial Bodies, believing them to be Stars of equal Dura- 
tion with the World; and, tho' he was ignorant of the Laws 
that governed their Motions, yet foretold that there ſhould be 
Ages hereafter to whom Time and Diligence ſhould unfold 
all theſe Myſteries. Yet almoſt all the Aſtronomers differed 
from Seneca; and, by the learned Dr. Halley's Account, he 
found nothing of Service in the Aſtronomy of Comets till 
1337, when the Path of a Comet amongſt the fixed Stars was 
deſcribed by Gregorius, an Hiſtorian and Aſtronomer of Con- 
flantinople, Aſter this another Comet was obſerved by Regio- 
montanus, 1472. And the Aſtronomers ſtill conſidered the 
Comets to be below the Moon : But, in the Year 1577, a 
remarkable Comet appeared, whoſe Motion the noble Tycho 
obſerved with great Application, and found that it was much 
higher than the Orb of the Moon, and. might be placed amongſt 
the Orbs of the Planets, The ſagacious Kepler had the Op- 
portunity of obſerving two Comets, one of which was very 
I remark- 


336 MATHEMATICS. 


remarkable: This great Aſtronomer concluded, that the Comets 
moved freely through the planetary Orbs, with a Motion nat 
much different from a reetilinear one, but of what Kind he 
could not preciſely determine, Then Hevelius obſerved the 
Comets, and, tho' he embraced Kepler's Hypotheſis, yet com- 
plained his Calculations did not agree with his Obſervations ; 
and was aware that the Path of a Comet was bent into a curve 
Line, concave. towards the Sun, But the prodigious Comet 
of 1680 appearing for four Months, its Motion was obſerved, 
with the utmoſt Accuracy, by thoſe celebrated Aſtronomers, 
Mr. Caffini at Paris, and Mr. Flamfiead at Greenwich, Not 
long after this the incomparable Newton, writing his admired 
Mathematical Principles of Natural Philoſophy, ſhewed how 
to deſcribe the Orbits of Comets geametrically ; a Problem, in 
the Judgment of that great Aſtronomer Dr. Halley, ſcarce 
acceſſible to any but himſelf: And Dr. Halley, following his 
Principles, has calculated the Orbs of twenty-four Comets. 

The Orbits of Comets are very eccentric Ellipſes ; I have 
added one in the Copernican Syſtem, to give the Reader ſome 
Idea of the Curve in which they move, Mr. F/h1/ton has 
given a neat Conſtruction of the Solar Syſtem, with the 
cometary Orbs. | | en e 2067 190157 

The famous Comet which appeared in 1680 came fo near 
the Sun, as to be within a ſixth Part of the Sun's Diameter 
from its Surface; when it ſuſtained a Degree of Heat 28000 
times greater than the Heat of the Sun upon our Earth, and 
might have contracted a Heat 2000 times greater than the 
Heat of red-hot Iron. A Globe of red-hot Iron equal to our 
Earth, Sir Iſaac Newton has computed, would not cool in leſs 
than 50000 Years *. The longeſt Diameter of the Orb of this 
Comet Dr. Halley has computed to be about 11200000000 
Miles; its periodic Time is computed to he about 575 Years, 

The Tails of Comets has employed the Curious to diſcover 
their Cauſe and Origin. The illuftrious Sir Jace Newton 
proves that it conſiſts of a Vapour ariſing .continually from 
the Body of the Comet. The Tail of the Comet of 1680 
was of ſuch a prodigious Size, as to be extended from its 
Head to a Diſtance ſcarcely inferior to that of the Sun from 
the Earth. ; | 2120084) 
- The Planets are ſuppoſed, and very juſtly, to be Worlds; 
but the great Extremes of Heat and Cold, which the Comets 
ſuſtain in their Approach to and Receſs from the Sun, make 


* Newton's Mathematical Principles, tranſlated by Mr. Motte, Vol. ii, P. 367. 
| ſuch 
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ſuch a Suppoſition, with Regard to Comets, not ſo probable ; 
tho? it is by no Means impoſſible for Gop to create Beings 
ſubject to ſuch Laws as will enable them to bear ſuch a pro- 
digious Change of Circumſtances. But the Comets are fo 
far from being the Meſſengers of Harm to Mankind, Ex- 
peRations which naturally ariſe out of Superſtition, and Igno- 
rance of the Cauſe of any uncommon Phenomena, that the 

reat Newton has aſſigned two very probable and important 
Uſes of Comets: The firſt is, that, by their nearer and nearer 

Approach to the Sun at every Revolution, they will at laſt fall 
into him, in order to reftore the Waſte that great Body muſt 
ſuffer in ſupplying the Syſtem with Light and Heat: The 
other important Uſe is, that, from the great Heat they ſuſtain 
in their Approach to the Sur, the Parts that fly off from them 
are ſo rarefied as to ſupply the Planets with an exceeding fine 
elaſtic Medium, neceflary for the Support of Animals and 


Vegetables. 

Bond the Orbs of the Planets and Comets, at an immenſe 
Diſtance, are the fixed Stars, ſo called from their keeping 
the ſame Diſtance one from another. Theſe are at fo great 
a Diſtance from us as to haye no ſenſible Parallax, that is, 
the Diameter of the Earth's Orb bears no ſenſible Proportion 
to their Diſtance from the Earth, whence their Diſtance can- 
not be known ; but, that they are farther from us than the 
remoteſt Planet, is hence evident, fince Saturn, the higheſt of 
the Planets, has a conſiderable Parallax. | 

It has been a popular Opinion that the fixed Stars were 
numberleſs, but this, like many other vulgar Notions, is 
proved to be a Miſtake, that is, with Regard- to thoſe viſible 
to the naked Eye; for, tho' the Number of Stars in a Winter's 
Night appears ſo vaſtly great, yet the Stars ſeen by a good 
Eye are much fewer in Number than can be imagined : The 
Twinkling of the Stars deceives our Sight, and makes us think 
them more than they are, as is evident from the Catalogues 
that have been made of them. Hipparchus was the firſt that 
attempted a Catalogue, on Occaſion of a new. Star that ap- 
peared in his Time: His Catalogue conſiſted of 1022 viſible 
Stars, to which Ptolomy added four more. The noble Tychg 
publiſhed a Catalogue of 777 from his own Obſervations, But 
this Number has been vaſtly increaſed by the Induſtry of 
modern Aftronomers : Dr. Flamftead's Catalogue amounts to 
3000, but then many of theſe are not viſible without a 


eleſcope. F 
Ly X X FPeͤet, 
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Vet, that the Stars are really innumerable, is evidently 
proved by the Uſe of the Teleſcope, which, being directed to 
any Part of the Heavens, diſcovers great Numbers which are 
inviſible to the naked Eye. In the Pleiades, inſtead of fix 
or ſeven ſeen by the Eye, Dr. Hook, with a Teleſcope twelve 
Feet long, told ſeventy-eight ; and, with larger Glaſſes, dif- 
covered many more of different Magnitudes. Huygens, looking 
at the Star in the Middle of Orian's Sword, found it to be 
a Concourſe of twelve Stars, To this we may add, that the 
Galaxy, or Milky-Way, is now known to be an Aſſemblage 
of innumerable Stars too ſmall for the Sight. |; 

If theſe Stars are all Suns, with Choruſes of Worlds moving 
about them, as is generally ſuppoſed, what an exalted -Idea 
muſt it give us of the great Author of Nature? Without 
fome ſuch Suppoſition, we can ſcarce form any Idea of the 
Uſe fuch a prodigious Number of vaſt Bodies can be of, as 
far the greater Part are, by their immenſe Diſtance, hid from 
our Sight, and had not been known to exiſt till fince the 
Invention of Teleſcopes in the laſt Age. . | 


Hen ger rr ELING..: 
Des is the Art of drawing Lines on a Plane, 


in ſuch Manner as that the Shadow of a Style may 
point out the Hours of the Day. 3 
Of Dials there are various Sorts, according to the Situation 
of the Planes on which they are deſcribed : The moſt uſual are 
the Horizontal, Vertical, Zquino&ial, Polar, &c. | 

An Horizontal Dial is deſcribed on an Horizontal Plane: 
This is the moſt uſeful! of all Dials, as it gives the Hour of 
the Day at all Times, while the Sun is above the Horizon, 
both in Summer and Winter, | 55 


To calculate an Horizontal Dial for the Latitude of 51.32. 
For the Angle the Hour-Lines of Eleven and One make 
with the Meridian, the Proportion is, | 


As the Radius | 10. 


Is to the Sine of the Latitude, 51%. 3 — 9.893745 
So is the Tangent of 15%, or one Hour, — 9.428052 
To the Tangent of 11. 51”, the Angle the Hour- 


Lines of 11 and x make with the Meridian, ; a 
0 


To find the Angle the Haig"; of Ten and Two make 
with the Meridian 


As the Radius — 3 10. 


Is to the Sine of the Latitude, N 9. == 
So is the Tangent of 30%, or Two 9 1 4 9. 701439 


: 


Tom Tangent of 24* 19 , — 9.655784 


In the ſame manner may the Angles of the Hour-Lines for 
Nine and Three be found, by putting the Tangent of 45, 
three Hours, in the third Place of the Proportion: And ſo of 
the reſt, Then, for the Halves and Quarters, obſerve, that each 
Half- Hour is 7. 30“, and each Quarter 3* . 45 Thus, to 
find the Angle for Half an Hour after Three, or Half an Hour 
before Nine, the Proportion | is, 9 


As the Radius — — = 

Is to the Sine of 51*.. 23 — 9.93745 

So is the Tangent of 520. 30”, ds Hours q. _. : 
and an HE en een 14% J445 


—. 


To the Tangent of * 435 — 10,0108 58 
By the ſame Proportion may ali the * Hales, and 
Quarters be found, as in the following Table: tpn 3 


4 Table of the . — 7 the Ea. Es nes. 8 


| Hours in Diſt. from 
Deg. & Min.] the Merid. | 


» tl 


11 4 or FT 3* 2 


T1 5 0r( TH 7 + 30 
113 Or 12 11 15 
IT or 1 5 . 001 
10 4 or 1 418. 45 
ro por 1 2. 30 
10 r or 143/26 . 15 
ro or 2 30. 00 
9 r 2233 . 45 
197 25137 +» 30 
9x or 2441 . 15 


or 45 . oo 


346 MATHEMATICS. 
To draw the Dial. 


Draw two 
Squares, one _ 
within the o- 
ther, ſo as to 
leave Room 
for the Fi- 
gures of the 
Hours; thro' J. 
the Middle of 
the Squares 
draw a Me- 
ridian Line, 
S N, and on 
a Point aſ- 
ſumed, as A, 
draw. E W 
perpendgicwar, 
to it; on 
A, with the 
Chord of 609, : | 
draw a Semicirle EO W, on which, by the Line of Chords, 
ſet off the ſeveral Hours, Halves, and Quarters in the Table; 
draw a ſmall Circle round A, then lay a Ruler from the Center 
"to each of the Di viſions” and draw Lines from the ſmall 
ircle to the inner Square for each Hour, and ſhorter for the 
Halves and Quarters: The Hours before and after Six are 
made by drawing the Hours of Four and Five in the After- 
noon thro” the Center, for Four and Five in the Morning ; 
and Seven and Eight in the Morning being drawn thro' the 
I 72 have the Hog: Lines 17 Seven and Eight at 
ight. 
Then; for the Style, lay 51 E "the Lazitade of the 
Place, from O to a and draw AG; the Angle OAG 
will be the Height of the Style. -Or, the Dial being made, 
you may aſſume any Part of the Line AON on which to 
erect the Style; and meaſure the Diſtance from A to that 
Point, as D, which let be eighteen Inches, _ End the per- 
pendicular Height of Dd: | 


* 
6 * 
N 'E. : 
— | As 


As the Sine of the Angle AGP, by 287, Co. Ar. o. 206 168 
Is to A D, 18 Inches, 1.255272 


So is the Sine of the Angle AG, 3 27 72 — — 9.893745 


— 


To Dad, 22. 67 Inches {, Soho 1. 355185 


And ſo high muſt the upper _—_— of the Style be from 
the 1 at 


To make an rel} dire? South Dial For the Lat. of 519. 32. 


To calculate the Hour-Lines for this Dial the ſame Pro- 
portion is uſed as in the former, only the ſecond Number in 


the Proportion is the Co- ſine of the Latitude, which there 


was the Sine. And it is to be obſerved, that the Sun never 
ſhines on this Dial but from Six in the Morning to Six at 
Night. For the Hours of Eleven and One ſay, 


As the Radius 


IO, 


— 


Is to the Co- ſine of the Latitude, 51. 32, — 9.7938 32 
So is the Tangent of 15%, or one Hour, — 9.428052 


— — 


To the Tangent of 9. 28, — 
The other Hours as in the following Table: 


— 9.221884 


| 4 7. able of t of the Angles of the Hour-Lines with the 22 


1 
1 Hours, 0 1 the add. in. — 2 
— — | - | — — 
{rr 4 or i 45 2». 20 135%. 21 
II Z or 1227. 304 » 41 39 2} 
I 2 or 12 211. 157. 3 42. 57 
111 or 1 9 . 28 47.8 
o g or 14 11. 55 51 . 36 
10 2 or 1 14 . 27 56 . 21 
ro or 1 7 61 . 22 
1o or 2 30 09 +45 66 42 
9+ or 233. 22 . 34 72 . 16 
197 2437 + 3025 + 31 78 . 3 
9 or 2441 . 15128 . 37 83 . 59 
9 or 3 [45 . O0f3I . 53 20 . oof 
: To 
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dot, .12 To draw the Dias. 


1 ——— x —— — 


Daren ho- 
rirontal Line, W 
WE; on a 
Point aſſumed, 
N, erect a ATT | 
pendicular, NS, | 
for the Meri- (2 
dian, on Twelve * LIED 
o'Clock Line; 

Extend each of | \ 
theſe to a con- | \ | 
A. I 

as in the al; A 
i_d draw — — — 
internal Square W S 
then draw three 
Lines to encompaſs it, leaving Room for the Figures: With 

any ſmall Extent of the Compaſſes, ſet one Foot in N, and 
draw the ſmall Semicircle a X e; and, with the Chord of 60 
draw the Semicircle art, on which lay the Hours, as in the 
Table, from the Meridian N S towards E and W; then lay a 
Ruler from N to each of thoſe Diviſions, and draw the Hou 
Lines from the inner Circle, to the inner Square : In the ſame 
Manner may the Half-Hours and Quarters be drawn. 
For- the Style, take 38* 28, the Complement of the Lati- 
tude, rom he Line of Chords: and lay it from 5'to u, and 
draw the Line Ny; thus will the Angles N r be the Height 
of the Style, which is to ſtand on the Meridian, or Twelve 
o Clock Line. Or, the Diſtance N s being meaſured on the 
Plane, which let be fourteen Inches, to ind tha poco 
Heighs _— the Sy 0 > 4 ri 


As the She of the Arights y N, 51® 275 Co. IE | 


Is tos N, 14 Inches,  —— 1.14612 
So is the Sine of the Angles v N, 3875 28”, 9.793832 


To the perpendicular Height 1 r, 11.12 Inches, T 046215 


And this is the Height of de upper Surkac of the Style a 
the 7 oint Je 


2 „ͤ„ „% —ũ 9 Se, rr 


1 


—— amd * The 


The North 
Dial requires the Dr 
Hour - Lines 
from Four to 
Eight in the 
Morning, and 
from Four to 
Eight at Night. 
If you take the F 
South | Dial, and 
draw the two 
Hours after Six, 
and before Six 

o'Clock, calling them Six, Seven, 8 Eight, as in the Fi igure, 
and continue them thro* the Center for the Hours of Four 
and Five, it is an erect direct North Dial; in which the Style 
muſt be fixed on the Twelve o Clock Line, pointing A 
as in the Scheme. 2 


4 c SS 0 „ * . . _ = * 


. - Of Bat and JW 1 Dial. 


The Planes of all direct Eaſt and weſt Diats are in | the 
Meridians, which paſſing thro the Poles of the World, Eaſt 
and Weſt Dials have no Latitude, and therefore no Center ; 3 
and the Hour-Lines are all parallel to one another. The 
Style in theſe Dials is either an upright Pin, or a Plate fixed 
on the Hour-Line of Six o'Cleck, the Height being equal to 
the Diſtance of the Hour-Lines of "ix and Nine in Eaſt Dials, 
or [Three and Six in Weſt Diab, 


To calculate the Diftances of the Hour- Lines from the Six 
Clock Line for direct Eaſt or Weſt Dial. 


To do this, the Height of the Style muſt be given, which 
ſuppoſe ten Inches; then, for two Hours either before oz. A 
Six, the Fropogtion i 5. | We 4 
As the Co · ſine of 30, or two Hours, — Co. Ar. 0.062469 
Is to 10 Inches, the Height of the Style, — 1.090000 
So is the Sine of 30 0 — — 9.698979 


To 5.77 Inches, — — 55761422 


In 
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In the fame Manner may any other Hour, Half, or 
Warter be ſound; as for four Hours and an Half, which is 

67 0 : 30', ſay, | 7 | | 

As the Co-ſine of 67% 300 % — Co. Ar. 0.417160 

Is to 10 Inches, — — 1,000000 

So is the Sine of 67. 30 —— — 9.965615 


1.382775 


— 


To 24.14 Inches, — 


By the ſame Proportion may all the others be found, as 
in the annexed Table; where it is to be obſerved, that the 
Hour-Diſtances are here reckoned from Six, the Subſtyle of 
theſe Dials, as they are from Twelve in Horizontal and 


A Table of the Hour-Diſtances for an Eaſt. Dial. 

Hours, Ce. — Inch. | | Hours, — di, * 
46 2 05 2 3%. 45 „66 | 8 241. 15 | 8.77 
6 K or 5 X] 7 . 30 | 1.32 9 1 2 Io | 
6 2 05211. 151.9 9248.45 [11-41] 
7 or 5 [15 .. 00 2.6 9 2152. 30 [13.03 
73% 43118 . 45 339 9 +| 59 + 15 14.90 
7 or 4222. 304.14 10 60. oo [17.33 
7 T2 0or 4226. 15 [4.93 10 +163 45 20.27 
8 or 4 30. 005.77 IO 2167. 30 24-14] 
8x 33 - 45 | 6.68 o 271. 15 | 29.4 
82 37 - ZLI [75 . 00 | 37.32 


To draw an Eaft Dial for the Latitude of 51". 32. 


Let AB CD be the Dial-Plane; take 60? from the Line 
of Chords, ſet one Foot of the Compaſſes in B, and draw the 
Arch ba; take 389. 28”, the Complement of the Latitude, 
and ſet it from h to a, and draw Ba thro* the whole Plane to 
D; and obſerve, that the Diagonal B D muſt be above fix 
times the Length of the Style's Height; at about Once and 
an Half of the Style's Height from D, as at e, draw 6 6 for 
the Six o'Clock Line ; from e, by the general Rule, Page pes 

| ay 


+”. <5 
4 » 
— 


{ 
|; 
| 


ay the ſe-ry 
what Hor." 
Diftanees inn 
the Table 
thro* thoſe 
ſeveral Di- 
viſionsdraw 
Perpendicu- 
lars to the 
Diag. BD, 
which will 
= 9 . #5 
rar HA 1 / 
Halses Ind 3 


Quarters. auß de ba 0 N 3s and 


In mabing an Eaſt Dial, we haye 3 Weſt Diel, wich only 
this Difference, that the Diagonal is drawn from the left-hand | 


Corner to the , ergth | 1 


may 


right hand, 2; : 
and, inſtead off s 
the Morning Gt O13 


Four to Ele- 
ven, here we! 
have the E- 4 
vening Hours 
from Eight 
to One, at 
the fame Di- 
ſtances as in 
the Table; ſo 
that the Table 
will ſerve for 
the Diſtances | 1 ä 
F otra e hi is * S 
Eaſt or Weſt Dial, in any Latitude; as alſo for Polar Dials; 
as ſhall be ſhewn hereafter. UE SID YT ↄ— DS) 
The Smallneſs of the Schemes not admitting the Diviſions 


into Quarters, I have done it only betwixt Ten and Eleven 


in che Eaſt, and One and Two in the Weſt Dil. 
8 ein ee h 8 Yy a ; Ia 


„ „ 
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In making an Eaſt or Weſt Dial, the Height of the intended 
given, the. Hour- Diſtances may be found, by the 
le of Three from this Table: As 2 te Style were 


fi 81. — to find the Na CIO Hour from 


ay at 1 
| As 10 Inches 6 Inches, fon 2,68 Inches. 0 
| | + 3 2 . 4 
1233 — FL | 16) 16698 (1 61 very near. 


These five Dials may be all fixed on a Poſt, the Horizontal 
Dial on the Top, and the other four on the four Sides; Care 
being taken that the Sides are ſet ſo as to face the four Cardinal 
+ nab of Eaſt, Weſt⸗ North, and South 8 


LC 
a 2 V Declining Drats. © 


Dias being uſually fixed 2 gainſt the Walls of Houſes, which 
do not always ſtan freQly fac facing the Cardinal Points, but more 
comnenigaediving, the moſt common Dials are what are 

ials, that - is, South or North Dials, 
Choing t cowards the Eaſt or 'Weſt: In this Caſe, 'the Decli- 
tion of the PI ane from the North or South Points, towards 
the Eaſt or Welty, muſk. be firſt known, before the Dial can 


5g 1 the Declination of any Plane. 


| There are a Variety,of Methods. to find the Declination of 
Planes, of which thefollowing, as it m 8 be performed with- 
out Mathematical * will be of more univerſal Uſe: 
ake an even, well-planed Board, of fix, eight, or ten Inches 
uare, and draw a Pine, a b e, thro' the Middle, perpendi- 
= to the Sides A B and CD; en the Center þ draw ſeveral 


entric Circles at ſmall Diſtances, at Pleaſure, it not being 
flary to make them at equal Diſtances one from another; 
anc- ſtiek a Pin in the Center, which muſt ſtand directly up- 
right: Place the Edge A B againſt the Wall whoſe Declination 
is requited, between the Hours of Eight and Ten in the Fore- 
noon; obſerve. when the Shadow of the Top of the Pin juſt 
touches one of the Circles, and make a Mark at that Place i in 
the Circle; then, in the Afternoon, watch till the Shadow) 
comes to touch the ſame Circle again, and make another 


Mark, 


Mark, as at A 
rand 7 Open 
your Com- 
paſſes to above 
Half the Di- 
ſtance of thoſe 
ſet one Foot 
in one of the 
Marks, às 3, 
and draw a 
ſmall Arch, e 
then ſet the 
Compaſſes in 
the other, ane 
draw an Arch 
croſſing the 
former in 
draw a Line C 
from the Cen- SS IS 


ter þ+thro*-the- © 
Interſection of thoſe Arches, which will. be a true Meridian- 


Line; and the Angle 2 b c, being meaſured on a Line of 
Chords, gives 18. 25, the Declination of the Plane Eaſt, as 
the Line 5 ë is to the right Hand of the Meridian-Line « 5. 
Thus having the Declination 18. 25” Eaſt, and the Lati> 
tude 31% 32 North, there are three Phings required. to be 
found before we come to calculate the Hours, viz. the Height 
of the Style, or Elevation of the Pole above the Plane, The 
Angle the Subſtyle makes with the Merian en the Dial, and 


7 CIS 


7 
: : 
—_— — — — n 


D 


the Plane's . of 1 | 1 

To vnd. lle. Height of the Style, or - Elevation 7 the Pub 
dene ile Plane, 

As the Radius aw ; — wy” 10. | 


[CFC 12 2 —— 
Is to the Co-ſine of the pita 51% 32, — 9493832 
So is the Co · ſine of the Declination, 189. 25 he 9 977107 


To the Sine of 36. 10“, the Height of the Style, 9.770999 


Which is alſo the Height of the Pole above the Plane, for 
the St les of all Die 1 Nan direcly! to the Foles of the 


Worth 
* y 2 To 
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© To find the Ah of the Speak he Mars, 
As ithe Radius — — 3 * | 


18 TIL IS 25”, — 9499584 


80 Fm, KY 37”, No 9.900860 
70 the Tangent of 14e. 5 | 4.999670 
The. Angle which/ the DIY) PIE: be the Meridan; 


that is, the Angle ade V4 the n which the Style is 
to ſtand and the Meridian, or / I 5 0? G . .of 
the Dial. — 


7 Jud the Planes A „ Inge 


As che Co- ſine o the Latitude, Si- 32 ” n 206166 
Is to the Radius. JO, é 


So s_the Sine_of the Difance of the Subſtyte Fon Ne 
the Meridian, 145 2 $ * 5 Wo 


F the din Differen 
0 e of 23 12; 1 erence of 


"The CS Pifference of Longitide, helm 23 2% i 
than one Hour, or 15 and leſs than 305, or two 
therefore the Subſtyle muſt ſtand between the feſt and 
3 from Noon, that is, as the Plane declines Eaſt, 
. Hours of Ten and Eleven o Clock. I 159, or 
one e Hon, be taken rom the Plane's Difference of Longitude, 
the Remainder is 8% 2 for the Æquinoctial Diſtance of the 
Eleven o Clock Hour-Line from the Subſtyle; and 239. 2, 
bring taken foe; 30”, „or two Hours Kaves.6%..5Þ4 the 
of the Ten o'Clock Line from the Subſtyle. In the 
fame Manner, 23% 2, being ſubtracted from 45, or three 
Hours, 60, or wur Hours, c. che De: eg rees Ft Sites of 
##the Forenoon- Hours may be obtained: ” But, for ,the very 
on- Hours, adding 23. 2", thi Plane*s Differencæ pf L. 
rude, co 15 fer One Clock, ot TWwo o' Cock, 
yon have the Æquincctial Diſtances of the 1 
dein the ſecond Columin of the Fable, where the Degrees 


* are ſet down. to euery — and Hal- Hof, from 


e in the Morning 10 Font in the; Afternoon. Then, for 
nding the Angles the Hour-Line make with the Subſtyle _ 

the 
a 4 : . 


* 
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the DiaKTthe 18 is the ime as in Horizontal Dials ; 
thus, t of the Hour-Line for Eleven” the 
Height of ** Pole the Mane beine th 100 * Pro- 
portion 1$,o = WEE + | | 

As the a ITE | 8 > = 
en * N= 30770952 
So is the ahgent of 80 , | I OH 29.749632 


\ 


TD. 
To the Tangent of , the Angle, * e 


For tte Angle of tie Tho 0 Put kbar. Loe ſay, 
* the Fackua / - Wanne 25. 


Is to che Site of 60. 1. HEN 9.770952 
80 is the Tangent of 536. I, | TIEN. 10.123477 


3 —— wo . 


. the Tangent of 38" L thb'Abel © OL * Is = 


In the ſame Manner may the Angle of any ina or Hall. 
Hour be found, by the Tangent of the A uinoctial Diſtance 
made the third Artiele in the Poseftin ; by which FF: 
Angie will be as in the third Colunut'of the Tadle,” | 


a 


{ Table Fal —— gn. pr" 
—of the Hours. 1s 1 
"ES "7 Four in ” Homin | , [ 


| Deg.& Min. Angles. | oon. Deg.& Min. ES.” 


19＋9— — — — — — N 


8 


45 se. 58 3 a5 [4112 4 8%. 2 . 4% 
15 £174 + 28164 . 47 fr J 329 9 
46166. 58 34 - 14 12 43. 214 5 
2 6.4 9 28 45 9 112 4 30 . 3219 121 
7 15 | - 58937 | 29 38. 2124. 7 
2 %% % 45 32 3— 
p 2 35 582357 2 63. 238. 6 
8 229 . 28438 272 4/60. 3246 15 | 
19 fz . 5813. 23 3 [682 155 - 39] 
£ F -9 _ 14 28 839 | 3 2 75 32 66 . 23 
1 | 6 ..584-4-. 7 | 4 2 gh . 45 ; 
£01 10 2 O0 . 32 00 19 l, my 4 4 


+. v7 w 
* — - n 12 a SS Sv yu 8 , ” . ” 7. 
* . = : 


- - 
- | | 2 ' 3 To 
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. Age. inn. 


22 
. 


1.0 
7 7 


5 7 


| 


| Wh © -C 3 22 41211 <4 
n 5 ' 

| I- UW 2 2 *,1\- * 0. IRE afro: 
D M 2 
Auf o wb MM ng 
* 15 7 _ the 2 LY } 190 ” 
Let ABCD be the Dial- Plane; thro? the Middle draw 
MM perpendicular to A B, for the Meridian or Twelve 
o Clock Line; draw a ſmall Semicircle, and then, with the 
Chord. of 60, draw--a-0-e-;-1a the 
Subſtyle with che Meridian, from o to g, and draw M for the 
Subſtyle : Then, with your Line of Chords, lay down the 
Hour-Angles according to the Table, from-the-Subſtyle;—both 
Ways, as in the Scheme; but obſerve;' that the Hout of Five 
in the Morning is not exattly the Line A B, for the Line A 8. 
makes an * of 78% 55 with the Subſtyle, which is Jeſs 
by 48 than the Angle the Five o 'Clock Line 2 as in the 
Table. For the Height of the Style, lay 10 ATE | 

t, and draw the Line M's for the Style: 4. meaſure 
the Line M, which ſuppoſe twelve Inches, and the Angle 
s Mt being 36%, 10, a Perpendicular, tu, being raiſed on the 
Subſtyle, ihe Angle M will be 500, the Complement 
of Mu; whence the Length offs ways be found . 


following Proportion: | F > 

As the Sine of M's, 53? + N Co. Ar. 0.092963 
Is to 12 Inches, — — 1. 079181 
So is the Sine of 36. 10 —ʃ - © 9.770260 


To 8. 75 Inches, the Height of cy, —— 0.942404. 
Thea 
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Then from, the Diagonal Scale, by the 2 Rule, P. 216, 


lay 8.75 from 5 to . ad . the Hypotbenuſe Ms, which 


forms the Style. 
In making this Dial. you 1 four Dicks, that i is, beſides 


this South declining Eaſt, a South declining Weſt, a North 
declining Eaſt, and a. Novth declining Weſt, 18% 25 the 
fame with the Example, by ſetting off the Angles or the 
Hours and the Style different, according to the different Situa- 
tion of each Plane: Thus, the Morning-Hours in this will 
be the Aſternoon- Hours in the South declining Weſt, and the 
Afternoon-Hours will be the Morning -Hours: Then, for the 
North Dials, draw the Hour-Lines of the South Decliners 
thro? the Center, and they will become Hour-Lines for the 
North Decliners. 

To make this more : plain, I have here drawn all the four 
Dials together, where it appears that the North Dials have 
their Styles pointing upwards. | 


North 22 Eaſt Mi declining welt 


18% | $ 189, 25 
f 
| s. {is 

fs) is - 5 
SNN 

| | 22 þ 

912 T 

LIE L LIE IZ 1 


South declining Weſt | South declining Eaf 
"DE; * | i 2 ws " | 
In 


35 . 


164 . 


1 drow « Diu EA 7. 612. 32 1 75 


declining from the South Wahtward 7² We 


" Before we begin the grometrical Part, the Height of the 
Pole, or Style, above the. Plane, the Diſtance of the Subſtyle 
from the Meridian, and the Plane's Difference of J nit, 
mult be firſt ſound, as in the laſt * 021562} % "our! 


- T 
T*{> 


* 
1 


As the Radius eri * 


Ts to the Co-fine of the Luitule 1 2, — 95 193832 
So is the Co- ſine of the Dedlination, 1255 35 * 75 


To che Bine of 10e, 5 F-74 the Height of the Pale, 6 
or Stk above the } — — Je 27390 


As the, Radius | — — id. 


Is to the Sine of the Declination, 72 20 „ — 9919019 

So is the Co- tangent of the Latitude, 51® 12 » 9990086 

**" , "24 "HR 

To the Tangent of 37 © , the Diſtance of 60 850705 
Subſtyle from the itn, — 1 


As the Co-fine of the D 51 33% Co. 2 38 
8 i th Sing of he Diſtance 0 | che ſe tm 
K t om 
the Meridian, 37? * | x * 2 


T the gi f the Plane Dane — 
Atte —— = 195 969 


To draw the Dial l 
Draw-A BCD for the Dial-Plane; robe Mhine- 


As E, towards the left Hand of the Square, as the — — 


of the Plane is Weſt, draw a Line, E F, perpendicular to 


AB and C D; with the Chord „ 60®, ſet one Foot of the 


I | Compaſſes 


Compaſſes 
where this 
Perpendicular 
croſſes the up- 
per Line of 
the internal 
Square, and 
draw the Arch 
G HI; take 
379. 8”, the 
Diſtance of 
the Subſtyle 
from the Me- 
ridian, and lay 
it from G to 
H; then lay 
109. 5 30, the 
Height of the 
Style above 
the Plane, (Y 
from H to I, LA. | ; | ow 
and draw E H for the Subſtyle, and E I for the Style; but, as 
the Diſtances of the Hour-Lines are proportional to the Height 
of the Style, it will be neceſſary to make the Style ſomewhat 
higher, which is done by drawing K L parallel to EI at a 
convenient Diftance : Aſſume two Points, M and N, in the 
Subſtyle, thro' which draw Lines perpendicular to the Subſtyle, 
as OP and QR; from the Point M take the neareſt Diſtance 
to the Top of the Style K L, ſet it on the Subſtyle from M 
to a, and on a, as a Center, with the Extent a M, draw an 
Arch of a Circle; alſo take the neareſt Diſtance from N to 
K L, ſet it from N to 5, and on 6, as a Center, with the 
Extent 6 N, draw another Arch; on each of theſe Arches ſet 
off 762®. 200, the Plane's Difference of Longitude, from M 
to c, and from N tod: Then, ſetting a Sector to the Radius 
N, take 15 in the Compaſſes, and, ſetting one Foot in a, 
turn them over on the Arch ſo as to make eight Marks 
from d; a Ruler, being laid from 5 to each of thoſe Marks, 
will cut the Line QR in the ſeveral Points thro' which each 
of the eight Hour-Lines muſt paſs; then taking in the Com- 
paſſes 15 from the Sector ſet to the Radius à M, and, ſetting 
one Foot in 2, turn them over on the Arch fo as to make 
eight Marks, as on the former; a Ruler, being laid from @ to 


each of theſe Marks, will cut the Line O P in each of the 
| Z 2 | other 
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other Points thro' which the eight Hour-Lines muſt paſs ; 
thus, having two Points for each Line, the Hour-Lines may 
drawn, as in the Scheme. The ſame Method may be uſed, 
on a large Board or Braſs Plate, to draw Half-Hours and 
Quarters, remembering that 7%. 30“ is Half an Hour, and 
37.45 a Quarter of an Hour. une! 

For Want of a Sector, take the common Radius from the 
Scale, and draw an Arch, on which lay 155, and draw Lines 
from the Center on which the Arch was drawn to each End of 
the Arch of 155; then take either of the Radius's in the 
Compaſſes, ſet one Foot in the Center, and draw an Arch 
from one Line to the other, and the Arch included bet cen 
thoſe. Lines will be 15%. In this Manner, any Number of 
Degrees to any Radius, either longer or ſhorter than that on 
the Scale, may be had. | | | 

In making this Dial we have made a South declining Eaſt 
72 20“, as/alſo a North declining Eaſt, and a North de- 
clining Weſt, to the ſame Number of Degrees, as was ſhewn 
in the Eaſt Dial. | | 
- When the Style of this Dial is adjuſted to its proper Height, 
and the two Perpendiculars OP and QR are drawn, the 
Diſtances of the Hour-Lines on theſe Perpendiculars may be 
found by Trigonometrical Calculation: Thus, let the upper 
Part of the Style from M to where the Perpendicular O P cuts 
the Top of the Style be 8.5 Inches, and let the Height from 
N to where QR cuts the Top of the Style be 10 Inches. To 
find the Diſtance of each Hour-Line from the Subſtyle, firſt 
find the Diſtance of each Hour from the Subſtyle in Degrees 
and Minutes of the Æquinoctial. 

"The Plane's Difference of Longitude being 76. 2, which 
is more than five Æquinoctial Hours, or 75*®, and leſs than 
go®, or fix Hours; therefore the Subſtyle will fall between 
the Hour-Lines of Five and Six. If 755, or five Hours, are 
ſubtracted from 76“. 2', the Remainder, 1. 2, is the 
AÆquinoctial Diſtance of the Subſtyle from the Five o'Clock 
Hour-Line: And in the ſame Manner may the Diftances of 
One, Two, Three, and Four be found, by ſubtracting 15* 
for each Hour from 769. 2; but, for the Hours of Six, 
Seven, and Eight, ſubtract 769. 2' from 9oꝰ, 105?, and 
120®, and the Remainders are the Diſtances, as in the Table. 
Then, for the Diſtances of the Hour-Lines on the Perpen- 
diculars OP and QR, the Proportion is the ſame as in direct 


Eaſt and Weſt Dials ; only here, the Style being of an unequal 


Height 


Height at the Perpendiculars, there 5 be two Calculations 
for each Hour: Thus, for the Hour-Line of Six, 


As the Co- ſine of 13*. 58”, Co. Ar. 0.01 3033 
Is to 8.5 Inches, | —— 0.929419 
So is the Sine of 13. 587, 9.382660 


To 2.11 Inches, the Diſtance of the Hour-Line of 
Six from M on the HOI OP, 


And, | 
As the Co-ſine of 13? l — Co. Ar. o. 013033 
Is to 10 Inches, — I.000000 
So is the Sine of 13. 58”, — 9. 382660 


To 2.49 Inches, the Diſtance on QR, 0.395693 


For any Hour before Five, as for the Three's 'Clock Line, 
As the Co-fine of 31 2”, — Co. Ar. 0.067086 


$ 0325112 


Is to 8.5 Inches, N — 9.9299 
So is the Sine of 319. 2”, b 9.712260, 
To 5.11 Inches, the Diſtance mOP, — 0.708765 
And, | | I 
As the * gn — Co. Ar. 0,067086 
Is to 10 Inches, | — ”  I,000000 
So is the Sine of 31%, 2', -— — ___9-712260 


To 6.02 Inches, the Diſtance on QR, — o. 779340 


In the ſame Manner may all the other Four Nan be 
found, as in the Table. 


4 Table of the Diſtances of the Tow" Lines 
from the Subſtyle, on each Perpendicular: 
u Dif P | Di R 
Hours, | pa. K Min. | in — — 
1 56 . 15.33 10. 5 
2 110 2 8.81 | 10.37 
3 5.11 6.02 | 
4 16. 2 2:44. | 297 
5 COS | 15 2 
6 13. 58 2.11 2.49 
7 | 28 . 58 4.7 5-53 
8 | 43 . 58 8.2 9.96 


Of Of 
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Of Reclining and Inclining Dials. 
Dials are ſometimes required to be made for Planes that are 
not ere, but which either recline from the Horizon, or in- 
cline towards it: Of theſe, as well as of erect Dials, there 
are two diffetent Kinds, for the reclining Plane may either 
directly face one of the Cardinal Points, or decline from the 
North or South, either towards the Eaſt or Weſt : Hence 
ariſes the Diſtinction of direct reclining or inclining Dials, 
and declining reclining or inclining Dials, each of which ſhall 
be explained in their Order. 3 | 
But, before we come to- the making theſe Dials, it will be 
neceſſary to ſhew how to take the exact Reclination or In- 
Clihation of any Plane. | | 


To tate the Rechnation of a Plane. 


4 Lay a Ruler, or any ſtraight Rod, on the Plane, and let 


one End lie clear of the Plane; apply a Quadrant to that End 
of the Rod, and tben, the Plummet hanging at Liberty, the 
Thread will cut the Degrees of the Plane's Reclination on 
the Limb. In the ſame Manner may the Inclination of a 
Plane be found, by laying the other Edge of the Quadrant to 


the Plane. 


Having found the Reclination of the Plane, if it be a dire& 


South Plane, confider whether the Reclination be more or leſs 


than the Complement of the Latitude of the Place; if the 
Reclination- of the Plane be leſs than the Complement of the 
Latitude, ſubttact. the Reclination from the Complement of the 
Latitude, and the Remainder is the Height of the Pole above 


the Plane; but, if the Reclination is more than the Comple- 


ment of the Latitude, ſubtract the Complement of Latitude 
from the Reclination, and the Remainder is the Height of the 
Pole, or Style, above the Plane. | | 


To make @ dire Soith Dial Jer 4 Plane reclining 10*. 56 


in the Latitude of 5 1. 32 OM 

SubtraQt 10. 56” from 38 28, the Complement of Lati- 
tude, and the Remainder, 252.232”, is the Height of the Pole 
above the Plane. eee f 

Having the Height of the Pole, the Angles the Hour- Lines 
make with the Meridian may be found by the ſame Proportion 
uſed- in the Horizontal or erect direct South Dials: The 
Hour-Lines being found, the drawing the Dial is the ſame; 


- and. 


þkK.Y 
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and the Style muſt be made to an Angle of 27. 32“, point- 
ing downwards, as in the ere& South _— 


Latitude of 51%. 32 8 

Subttact the Complement of the Latitude from the Reclina- 
tion, and the Remainder, 41%. 6“, is the Height of the Pole; 
by which the Angles of the Hour-Lines may be calculated, as 
in Horizontal Dials. The Style here muſt be made to the 
Angle of 41% 6, and ſet on the Twelve o' Clock Line, 
pointing upwards to the North Pole. 3 

But, if the Reclination of the Plane is equal to the Comple- 
ment of the Latitude, then is the Dial a Polar Dial, which is 
made by the Rules laid down for Eaſt and Weſt Dials: The 
Hour-Diſtandes in this are proportioned to the Height of tbe 
Style; ohly obſerving, that the Style of a Polar Dial ſtands 
on the Twelve o' Clock Line, that being parallel to the Axis 
of the World, as the Six o' Clock Line is in Eaſt or Weſt 
Dials; therefore, making the Style ten Inches, as in that, 
the ſame Table will ſerve for this, taking the Diſtances, both 
Ways, from the Line of Six for the Diſtances from Twelve, 
as in the following Scheme. | | 


A Polar Dial for the Latitude of 51. 32 


2% make a dirett South Dial reclining 79% 34 for the 


Al 


\ 


DB ——ß—— 


S ©}: © 


In North reclining Planes, the Height of the Pole above-the 
Plane is found by adding the Complement of the Latitude to 
the Reclination of the Plane, and the Sum, if lefs than gos, 
is the Height of the Pole above the Plane; but, if the Sum 
exceeds o, ſubtract it from 180, and the Remainder is 
the Height of the Pole. The Height of the Style muſt be the 
ſame as the Height of the Pole above the Plane, and muſt 
ſtand on the Meridian, point ing upwards towards the North Pole. 

But, if the Sum of tHe Reclination and the Complement of 
Latitude be exactly o, then is the Plane parallel to the 
AÆgquinoctial, and is called an Æquinoctial Dial. | 

| ö | 75 


— 
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To draw an auinoctial Dial. 
Draw a Circle, N 

NESW; draw the 
Diameter N S for 
the Meridian, and 
E W for the Axis, 

or Hour-Line of Six, 

at right Angles to 
it; divide the Arches 
EN and NW into W. 
fix equal Parts, and 
draw Diameters from 
each of thoſe Divi- 
fions thro” the Cen- | 
ter, which will be 
the Hour- Lines of 
the Dial; only, if 
it is made for any | | 8 
particular Latitude, A 
the Lines may be omitted before Six in the Morning and after 
Six at Night, as they are here, ; 

The Style for this Dial is a ſtraight Pin, ſet upright in the 

Center of the Dial, which may be of any Length at Pleaſure. 


Of Eaft and Weſt Reclining Dials. 

In Eaſt and Weſt reclining Dials, the Latitude of the Place 
and Reclination of the Plane being given, the Height of the 
Pole above the Plane, the Plane's Difference of Longitude, 
and the Diſtance of the Subſtyle from the Meridian, muſt be 
found as in South declining Planes. To give an Example, | 


Of an Eaft Plane in the Latitude of 51*. 32 reclining 
| 19%. 49 he 
To find the Height of the Pole above the Plane, the Pro- 


portion is, 
As the Radius ———— — 10. 


Is to the Sine of the Latitude, 51%. 32', — 9.893745 
So is the Sine of the Reclination, 19%. 49%, — 9.530215 


3 


To the Sine of 15 24, the Height of the Pole 45 
above the P lane, — —— | WORE 
| or 
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portion is, 


| As the Radius 


Is to the Tangent of the Latitude, 51® 


359 
For the Di ifance of the enen fo the Meridian, the Pro- 


32 


So is the Co- ſine of the Reclination, 197. 49, 


To the Tangent of . 
Subſtyle with the 


. 50”, the Angle of the 


eridian, 


10.099913 
9.973489 


3 10.07 oa 


Then, for the Planes Difference of Longitude, the Pro- 


portion is, 


As the Sine of the Latitude, 817 


Is to the Radius, 


So is the Sine of 49. 50“, the Diſtance of the 
Subſtyle from the Meridian, — 


To the Sine of 77 22, the Plane's Difference of 


Longitude, 


The Plane's Difference of Longitude, 770 
more than five Hours Diſtance from the Meridian, and leſs 


+ IO, 


»„ — 


Co. Ar. o. 106254 


| 9.883701 


19.989445 


. 227 being 


than ſix Hours, the Subſtyle will ſtand between the Hour- 
Lines of Six and Seven in the Forenoon, as it is an Eaſt Dial. 


To find the Aquinoctial 
Diſtances of the Hours, ſub- 
tract 15* for each Hour leſs 
than 75%, or five Hours, 
Diſtance from the Meridian, 


from the Plane's Difference 


ot Longitude ; but, for all the 
Hours more than five Hours, 
ſubtract the Plane's Difference 


of Longitude from the Hours, 


as has been ſhewn ; and the 
Remainders are the Æqui- 
noctial Diſtances of each re- 
ſpective Hour, as in the Ta- 
ble: By which, and the 
Height of the Pole above the 
Plane, the Angles the Hour- 


A Table of the Angles of the 3 


* 


Hour-Lines, 

Hours. Hours in | Hour-Angl- 
E. W. Deg. & Min. | with Subſt, 
4 842». 38'[13%. 37 
5 727 . 38 | 7 . 55 
5 324 
; 2 
3 4187 - 1214 - as 
0 T1434 - 221.4, 
10 - S307 ; 1 i... 
. 26. 54 
he 2177 - x z 149 2 50 


Lines 


_* 
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' Lines make with the Subſtyle may be found, by the ſame Pro- 
r already delivered, to be as in the Table. The Meridian- 

ine, or Hour of Twelve, is an Horizontal Line drawn thro” 
the Middle of the Dial. | | 

The drawing the Hour-Lines has been already ſhewn: And 
the Style may be ſet off, by a Line of Chords, to the Angle 
of 15% 24, the Plane's Latitude, or calculated; both which 
Methods have been already taught, both in the Horizontal and 
erect direct South Dials. | v 

A Weſt reclining Dial is made in the fame Manner; only, 
as the Style here ſtands between the Hours of Six and Seven 
in the Morning, there it muſt ſtand between Five and Six 
in the Afternoon, for which Reaſon the Table is made 


for both. 


/ Inchning Planes. 


Dials for inclining Planes may be made from their oppoſite 
Recliners: Thus, the firſt Example of a South reclining Dial 
being drawn, if you look thro' the Paper, it becomes a North 
Dial for a Plane inclining 10“. 56”; only the Morning-Hours 
in that, will be the Afternoon- Hours in this, and ſo vice verſa ; 
, alſo the Style muſt be ſer pointing upwards to the North Pole: 
And the ſecond Example, in the ſame Manner, becomes a 
North Dial for a Plane inclining 799. 34, exchanging the 
Numbers of the Hours, and ſetting the Style pointing down- 
wards. If a North Plane's Inclination be equal to the Com- 
plement of the Latitude of the Place, the Dial is an under 
Polar Dial, whoſe Style may be a thin Plate, fixed in the 
Middle, which here is the Twelve o'Clock Line for Mid- 
night; and the Hours of Four and Five in the Morning, and 
Seven and Eight at Night, will be the only Hour-Lines that 
can be of Uſe, 

In the fame Manner may South inclining Dials be made 
from North Recliners: And, if a South Plane's Inclination be 
equal to the Latitude, the Dial is an under Æquinoctial Dial, 
and may be drawn as the upper AÆquinoctial Dial on the 
North reclining Plane, to ſhew the Hours before Six in the 
Morning, and after Six at Night. | 

It being very ſeldom that Dials are made for d-clining Planes, 
that either recline from the Horizon, or incline towards it, 
and they being of difficult Calculation, I ſhall omit giving 
Examples of thoſe Dials. 


I have 
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1 have ſhewn the Way of calculating the Hour-Lines by 
the Sines and Tangents, that being more exact than the 
geometrical Conſtruction, If, in large Dials with Cm_ 
the Lines of Chords on the common Scales are not ſufficie 
for laying down the Hour-Lines, as they are only made to 
Degrees, ſo that the Minutes can be only taken by Gueſs, the 
Tangent-Line may be uſed, where the Diviſions are larger, 
except at the Beginning: Therefore, taking the largeſt Radius 
on the Scale, ſet it from the Center of the Dial, on the Sub- 
ſtylar-Line; then croſs the Subſtyle in that Point with 'a 
Perpendicular, on which lay the Tangent of the feveral' Angles 
of the Hour-Line with the Subſtyle, from the Tangent Yo 
the ſame Radius; and draw the Hour-Lines from the Center 


of the Dial to the Tangent of each reſpective Angle. . 
Denn =7 4 nr - ad TIN — — 0 

An Account of the Gregorian or New Style, 
% of finding, the Epact, Moon's Age, 

- Tides, Ee. g f 910 n 


P* P E Gregory the XIII th made a Reformation of the 


Calendar. The Julian Calendar had before that Time 
been in general Uſe all over Europe. The Fear, ac- 
cording to the Julian Calendar, conſiſts of three hundred and 
eat. Days and fix Hours; which fix Hours being one 
fourth Part of a Day, the common Years conſiſted of three 
hundred and ſixty- five Days, and every fourth Year one Day 
was added to the Month of February, which made each of 
thoſe Years three hundred and ſixty- ſix Days, which have 
been uſually called Leap- Years. | | 
This Computation, tho? near the Truth, is more than the 
Solar Year by eleven Minutes, which in one hundred and thirty- 
one Years amounts to a whole Day. By which the Vernal 
Equinox was anticipated ten Days from the Time of the 
general Council of Nice, held in the Year 325 of the Chriftian 
Ara, to the Time of Pope Gregory; who therefore cauſed 
ten Days to be taken out of the Month of October in 1582, 
to make the Æquinox fall on the twenty-firſt of March, as it 
did at the Time of that Council. And, to prevent the like 
Variation ſor the future, he ordered that three Days ſhould 
a A a a 
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be abated in every ſour hundred Years, by reducing the Leap- 
Vear at the Cloſe of each Century, for three ſucceſſive Cen- 
ies, to common Years, and retaining the Leap- Year at the 
loſe of each fourth Century only. | 
\ This was, at that Time, eſteemed as exactly conformable 
to the true Solar Year, But Dr. Halley makes the Solar Year 
to be three hundred and ſixty-five Days, five Hours, forty- 
eight Minutes fifty-four Seconds, forty-one Thirds, twenty- 
ſeven Fourths, and thirty-one Fifths: According to which, 
in ſour hundred Years, the Julian Years of three bundred 
and ſixty- ive Days and fix Hours will exceed the Solar by 
three Days, one — pe and fifty- five Minutes, which is near 
two Hours, ſo that in fifty Centuries it will amount to a Day. 
The greateſt: Part of Europe have long uſed the Gregorian 
Calendar, or Old Style; but Great Britain retained the Julian 
Calendar till the Act of Parliament paſſed in the twenty-fourth 
- Year of his preſent Majeſty's Reign took Place, on the firſt 
ol. January, 1752; and, in September following, the eleven 


Days were adjuſted, by calling the third Day of that Month 


the fourteenth, and continuing the reſt in their Order. The 
Proviſion made by that Act, for preventing the Anticipation 
of Payments of Rents, Expiration of Leaſes, or any other 
Contracts or Cuſtoms, wherein the Property of the Subjects 
were concerned, has been fully explained by the common 
' Almanacsk, therefore it will not be neceſſary to ſay any thing 
turther of ir here, | | BEEN. 
But, as there are three Leap-Years to be abated in every 
four Centuries, it will be proper to ſhew how to find on which 
Century the laſt Year is to be a Leap-Year, and in which it 
is not. This may be done thus; cut off the two Cyphers, 
and divide the remaining Figures by 4; if nothing remains, 
Year is a Leap-Year ; but, if any thing remains, it is a 
common Year, | | 


Exam. 1. The Fear 1800. Exam. 2. The Year 2000. 


4) 18 (4 | 49) 20 (5 
16 8 20 


2 O 


* 


rum. 3. The Year 270. Exam. 4. The Vear 32100. - 


4) 27 (6 | 4) 32 (8 
3 . * 


The 
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The firſt and third Examples having Remainders, the Years 
are common Years of three hundred and ſixty-five Days; but 
the ſecond and fourth, having no Remainders, are Leap- Years 
of three hundred and ſixty- ſix Days. 

With Regard to any other Years, the whole Date is to be 
divided by 4; and, if there's no Remainder, it is Leap-Year ; 
but, if 1, 2, or 3 remains, it is the firſt, ſecond, or third after 
Leap-Year ; according to the Diſtich publiſhed by Mr. Street, 
in his Aftronomia Carolina: Where he has given Diſtichs for 
finding the Cycle of the Moon or Golden Number, EpaR, 
Moon's Age, Sc. which being of great Uſe to aſſiſt the 
Memory, I ſhall inſert ſuch as are agreeable to the Gregorian 
or New Style. That for finding the Leap- Year is, 


Divide the Year by 4, what's left ſhall be 
For Leap-Year o, for paſt f, 2, or 3. 


Exam. For the Year 17 54. 
4) 1754 (438 
I 


2 ſecond after Leap- Year. 


To find the Dominical or Sunday Letter for any Year. 


The Diſtich for this, made to anſwer to the Gregorian 
Calendar, is, | 


Divide the Year and Fourth of it by 7, 
What's left ſubtract from 7, the Letter's given. 


That is, to the Year of the Chriſtian Ara add the fourth 
Part, and divide this Sum by 7; then ſubtract what remains 
(even if it be a Cypher) from 7, and the Remainder is the 
Dominical Letter, accounting as follows : on 1 

1 Ss. 0. 8 
TFT * 
A22 2 Exam. 
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Eu, For the Year 1754. 
. Is Fourth 438 


: 7) 2192 (313 
2 21 
9 
7 From 7 
0 Subtract 1 | 
22 — 
21 F 
- * 


Here it is to be obſerved, that every Leap-Vear has two 
Dominical Letters; that found by this Rule is the Sunday 
Letter from the twenty- fifth Day of February to the End of 
the Year ; and the next in the Order of the Alphabet ſerves 
from the firſt of January to the twenty-fourth of February. 


Exam, For the Year 1756. From 7 
Its Fourth 439 Subtract 4 
7) 2195 (313 30 
4 


Hence C is the Dominical Letter for the Year ; but D, the 
next in the Order of the Alphabet, js the Dominical Letter 
for January and February. From this Interruption of the 
Dominical Letter every fourth Year, it is twenty-eight Years 
before the Dominical Letter returns to the ſame Order; which, 
were it not for the Leap-Years, would return to the ſame 
every ſeven Years, This Cycle of twenty-eight Years is 
called the Cycle of the Sun; tho” it has no Relation to the 
Sun's Motion, but is fo called from its Uſe in finding the 
ory | Letter, becauſe Sunday uſed to be called Die Solis, the 

r 
. The Diſtich for finding the Golden Number, Cycle of the 
Sun, and Reman Indiction, is this, 7-0 SEE 
When 1, 9, 3, to the Year hath added been, 
Divide by 19, 28, 15. 50 

That is, for the Golden Number, add 1 to the Vear, then 
divide by 19, and the Remainder is the Golden Number; if 
8 . nothing 
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nothing remains, 19 is the Golden Number. (The. Uſe of 
the Golden Number will be 'ſhewn below.) In the fame 
Manner, 9 being added to the Year, and the Sum divided by 
28, the Remainder, if any, is the Cycleof the Sun ; if nothing 
remains, the Cycle is 28, 4 | | 


Exam. For the Year 1754. 
* Add 9 


28) 1763 (62 
168 


1 | 


— — 


27 Cycle of the Sun. 


The Uſe of this Cycle is for finding the Dominical Letter 
by the following Table. 3 35 


1.4 Table of the Dominical Letters for the New| A 
| | Style, according to the Cycle of the Sun. 
Cycle. Letter. || Cycle. | Letter. || Cycle. Letter. Cycle. | Letter. 
———— . — — — — 

:.jD Ch} 8B Iii 22 BE 
B 94 G 16 F 232 
$3 3 — — 17 E DI 24 Qu 
| 3 G 1 10 F — — 1 25 B A 

+ F E 11 LE I8 E — — 
— — (12D io B 268 

6 D 13 C Bll 20 | A 27 [F 
7 A G FH 28 [ E 


This Table, by the preſent Rule, will ſerve but to the End 
of this Century. The Leap-Vear being to be omitted in the 
Vear 1800, will make it neceſſary to add 25 to the Date of 
the Vear, and then dividing by 28, it will give the Cycle 
right for the Table during the next Century. And this is a 
general Rule to be obſerved, that, when a Leap-Vear has been 
abated, add 16 to the Number which was before added to the 
Year, and reject 28 when it exceeds it; then, this Number 
being added to the Year, and the Sum divided by 28, the Re- 

e N | mainder 
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mainder will be the Cycle for finding the Dominical Letter. 
Thus, in the nineteenth Century it will be 25, and in the 
twentieth Century 13, which Number will ſerve two Cen- 
turies, for the Year 2000 is a Leap-Year. 5 — | 


Example. To find the Dominical Letter for the Year 197 5, 


and for the Year 2056. . 
1975 2056 
." = * 
28) 1988 (70 28) 2069 (73 
196 196 
28 Cycle of the Sun, 109 
(the Letter is E. 84 | 
; #4 Letters BA. 


25 Cycle of the Sun, 


Of the Golden Number, or Lunar Cycle. 


The Golden Number is a Period of nineteen Years, invented 
by Meton, an Athenian, and from him called the Metonic 
Cycle. The Uſe of this Cycle is to find the Change of the 

oon; becauſe, after nineteen. Years, the Changes of the 
Moon fall on the ſame Days of the Month as in the former 
- Nineteen Years ; tho? not at the ſame Time of the Day, there 
being an Anticipation of one Hour, twenty-ſeven Minutes, 
forty-one Seconds, and thirty-two Thirds; which, in three 
hundred and twelve Years, amounts to a whole Day : Hence, 
| the Golden Number will not ſhew the true Change of the 
Moon for more than three hundred and twelve Years, without 
being varied. But the. Golden Number is not fo well adapted 
to the Gregorian as the Julian Calendar, the Epact being more 
certain in the New Style, to find which the Golden Number 
is of Uſe. The Way of finding the Golden Number has been 
already ſhewn above, | | | 


Thus for the Year 1754. 
Add I 


19) 1755 (92 
171 


7 Golden Number, 
| The 


* 
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The Epact is the Exceſs of the Solar above the Lunar Year, 


or twelve Synodical or Lunar Months; which being ſome- 
what more than ten Days and twenty-one Hours, to avoid 


Fractions, the annual Epact is eleven Days. 


By the Golden Number, called alſo the Prime, to find 
r 

For the Gregorian or New Style, take 1 from the Golden 

Number or Prime; then | 5 
| Divide by 3, for each one left add 10, 

30ð reject, the Prime makes Epact then. 

That is, after 1 has been taken from the Golden Number, 
divide the Remainder by 3; if 1 remains, add 10 to the 
Dividend, and that will be the Epact; if 2 remains, add 20 
to the Dividend; but, if nothing remains, the Dividend is 
the Epact. | | 5 5 

Exam. 1. | Exam, 2. Exam. 3. 

'Year 1753. Year 1754. Year 1755. 
Gold. Num. 6 Gold, Num. 7 Gold, Num. 8 


Subtract  Lubtract 1 _ Subtract 1 
3) 5 (1 * 13) 0K. e 
3 | © 


2 Epact 25. o Epact 6. 1 Epadt 17. 


A Table of the nineteen Epatts for the Julian | 
and Gregorian Accounts, ly the Gold. Num. 
mf Led. Prad. o. w. pact. | pack 
:/1ik =] is} 2.10 
2 22 T2 |. 12] Tt 
3 7722 E 
144 34423 
31 25 | 14 18 - 
6 6 | 25 16 | 26 | 15 
1 3.89 6 17 151 
8 | 28 T7 1s | 18 7 
9 9 | 28 19 | 29 | 18 
8 


3 4 13 Th 
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TAN e or Change of the Moon by the ges, 
ar dhe Bitten Act 


To Janus 0, I," 25 3, 4. 5, 6, 
. 8, 8, 10, 10, theſe to the Epacts ; 
T'be Sum, bate 30, to the Month-Day add, 
Or take from 30, Age or Change i is had, 


The Senſe of which 3 18, that, if to the Epact for the Yeas 
the Number of the Month, taken i in the Order they ſtand in 
the Diſtich, be added, and to this add the Day of the Month, 
this Sum, rejeing 30 if it exceed that, is the Moon's Age; 
or, taking the Sum of the Epact and Number of the Month 
from 30, it gives the Day of the Moogis kgs in 8 
Month. 

The Numbers for each Month are, * 56 o,. 2 
bruary 2, March 1, April 2, May 3, Fune 4, Fuly 5, Aus 
guft 6, September 8, October 8, November 10, December 10. 


* 


Exam. 1. To find what Day of the Month of Fuly, 5 
the Moon changes, and the Age of the Moon on fro 15 tth 
of that Month, | 


The Gregorian EpaQt for 1754 is 6 From 30 
Number for Fuly add = 5 * 11 

. RET: : a | II n b. of the | 
Given Day of the Month add 12 | gs 


23 Days of the Moon's Age. 


Exam. 2. Te find the Change i in OZober 1754 and the 
Moon's Age the twenty-ſourth Day. 


Epact 6 From 30 
N umber for October add 8 Subtract 14 
i n Sag 16 7 7 of A 
Given Day add — 24 (in Oc. 1754. 
Tos 6 
Dedu’t— 30 


8 Days of the Moon's Age, 
77 
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fo fd the ime 2 the 22 Seung, and of High | 


0 | "Moon's Age e wie A 
| By 5 for Sourking, add 3 for e Tide, 


Exon. * Tbe Moon's. Age the twelfth: of Jah, 175, 
0 h Days. | 
dee * 4 2 
*. 11 


50 94 "as + Hours: 


1 1 of i. + 7 
* * y $i * Fg 3 
| — d% p 


1 


« -y 
x40 
© — * 1 
7 * 
* 'F 74 22 , 


The Moon will. be South. eighteen Hours and. Amanda 
Minutes after Noon, that i is, at twenty-four Minutes paſt Six, 
on the thirteenth of Fuly, in the Morning; to which adding 
three HYurs, it gives twenty-four Minutes paſt Nine in the 
Mornin for the Time of Higb Water at Lauias Bridge. 2 


"Exam, be twenty-fourth of Oar, 2754s the Moon's 
As. Age is s.8 Days. 
ee o 0 3 


5) 32 66 7 Hour. 
8 | 


AY ad 6; 


 Tharcfore the Moon ſouths twenty-four Minutes aſter Six 
at Night; to which three Hours being added, it gives mant 
four Minutes after Nine 1 the Tide. | 


To ful the Day of Eiter far the New 60% 


It was ordered, by the Nicene Council, that Kaffer bunden 
ſhould be kept on the firſt Sunday aſter the Gr full Moon 
which happened upon or after the twenty-firſt Day of March, 


— * on which they thought the Vernal Equinox happened. 
B b b Tho 
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Tho' this was a Miſtake, for the Vernal Equinox that Yeat 
fell on the twentieth of March. But yet, the full Moon that 
fell on or next after the twenty-firſt of March they called the 
Paſchal full Moon. And, by the late Introduction of the 
Gregorian or New Style, the Aquinox will now always 
happen on the twentieth or twenty-firſt of March. And the 
Feaſt of Eaſter is now to be kept on the next Sunday after the 
Paſchal full Moon, or the full Moon that happens after the 
twenty-firſt of March; but, if the full Moon happens on a 
Sunday, Eafter-Day is to be the next Sunday after. 

All the other moveable Feaſts depending on Eaſter, I ſhall 
endeavour to ſhew the true Method of finding it. This will 
be beſt done, for any future Time, by the Table compoſed by 
the Right Honourable GRORO E Earl of Macclesfield ; which 
ſhews, by the Golden Number, the Days of the Paſchal full 
Moons; by which, and the Dominical Letter, the Day on 
which Eaſter will fall may be found. His Table is calculated 
from the Time the Calendar was firſt corrected in the Year 
1583; but, as Eaſter has been always kept in Great Britain 
according to the Old Style till the Year 1753, I ſhall begin 
the Table from thence. 


The Uſe of the Table. 


Firſt find the Golden Number as before taught, which ſeek 
in the Column of Golden Numbers under the Time in which 
the given Year is included; right againſt the Golden Number 
of the Year, in the laſt Column but one, you have the Day 
of the Month on which the Paſchal full Moon happens, which 
is the Limit of Eaſter; from thence run your Eye down 
among the Dominical Letters *till you come to the Letter for 
the given Year, and againſt it you have the Day of the Month 
on which Eafter falls that Year. 

Exam. 1. To know when £Zafter falls in the Year 1754: 
The Golden Number for the Year we have already found to be 
7, and the Dominical Letter F; therefore ſeek in the firſt 
Column (the given Year being included between the Years 
1753 and 1899) for the Golden Number; then caſt your Eye 
along to the laſt Column but one, under the Title Paſchal 
full @, and you will find the ſeventh of April to be the Day 
of the full Moon, or Eafter. Limit; againſt which, in the 
laſt Column, ſtands F, which ſhews it to be Sunday, there- 
fore the next Sunday following is Eaſter Sunday, which, by 
going down the. Column of Letters to the next F, you will 
find to be the fourteenth of April. 


Exam, 


Golden Numbers from 1753 to 1899, and ſo on to 4199, incluſve. 


— 
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1753] 1900 2200 23002400 la o 2600 2900 3 100 3400 [3500 3600] 3700} 3800] 4100 
to ] to f to f to to ] to to to to to to to ] to to ] to 
1899] 2199122991 2399[2499[2599123991 39991 339934993599 36993799 4999 4199 
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nj—| 314] 314—! el] —- og] 9g] — 1 
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9 — [ 11 —— dg 144— [ 6]17 1:6 17 | — 
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xam. 2. — know when Zafter will fall in the Year 
Fe Lak 1 in the ſeventh Column of Golden Numbers 
2 2600 to 2899, in which the given Vear in included, for 
17, the Golden Number for the Year, and right againſt it, 
in the laſt Column but one, you have the twenty-eighth of _ 
March for the Limit, or Full-Moon Day; then, F being 
the Dominical Letter for the Year, go down the Letters 
to F, which ftands againſt the thirty-fieſt of March, for 
er-D , 

"Fw ha Table may be made a particular Table, for any 
Century included in either of the Columns, Thus, the firſt 
Column including the Remainder of this Century and the 
next, the following Table,' made from thence, will ſhew the 
Time of Bale to the End of the Vear 1899. 


A Table for finding Faſter to the End of the "= 
| Century, 


. | B | © 1 To” 


Apr. 18 
Apr. 4 


_— 


Apr. 14 
Apr. 7 


Apr. 15 


Apr. 19] Apr. 20 
2 34-4 Arr. 8 


Apr. 16 
5 Apr. 6 


Apr. 17 
Apr. 3 


f 
[ow | one | ww 


Mar. 28 


Apr. 16 
Apr. 2 
Apr. 23 


Apr. 9 
Apr. 2 
Apr. 16 


þ 


Apr. 9 
Mar. 26 
Apr. 16 


Apr. 2 
Mar. 26 
Apr. 16 


Apr. 2 
Apr. 23 


Apr. 9 


Apr. 2 


Mar. 27 


Apr. 17 


Apr. 3 
Apr. 24 


Apr. 10 
Apr. 3 
Apr. 17 


Apr. 10 
Mar. 27 


nat 17 


Apr. 3 
Mar. 27 
Apr. 10 


Apr. 3 
Apr. 24 
Apr. 10 


Mar. 27 


Apr. 4 
Mar. 28 


Mar. 28 


Apr. I1 
Apr. 4 
Apr. 25 


Apr. 11 
Mar. 28 
Apr. 18 


Apr. 11 
Mar. 28 
Apr. 18 


Apr. 11 


Apr. 4 
Apr. 18 
Apr. 11 
Mar. 28 


Apr. 12jApr. 13 
Apr. 5|Apr. 6 
Apr. 19]Apr. 20 


Apr. 12 Apr. 13 


Mar. 29 Mar. 30 


Apr. 19 Apr. 20 


Apr. 5 Apr. 6 
Mar. 22 Mar. 23 


Apr. 5 Mar. 30 
Apr. 19 Apr. 20 
Apr. 12 Apr. 13 


r. 
Mar 29]Mar. 23 M 


| 


ar. D4 


Apr. 14 
Mar. 31 
Apr. 21 


Apr. 14 
Mar. 31 
Apr. 21 


Apr. 7 
Mar. 31 
Apr. 14 


Apr. 7 
Mar. 24 


Apr. 14 


Mar. 31 
Apr. 21 


Apr. 7 
Mar. 31 


Mar. 25 


Apr. 15 
Apr. 1 
Apr. 22 


Apr. 8 
Apr. 1 
Apr. 22 


Apr. 8 
Mar. 2 5 
Apr. 15 


Apr. 8 8 


Mar. 2 5 


Apr. 154 


Apr. 1 
Apr. 22 
Apr. 8 


Apr. 1 


2 


To 
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To find Eger by this Table, find. the Golden Number in 
the firſt Column, and the Dominical Letter at the Top of the 
Table; then guide your Eye from the Golden Number, in a 
eee : 


+ Exam. 1. To find Eaſter for the Year 1354: Look for 
7, the Golden Number, in the firſt Column, and for F, at 
tme Head of the Table, in the ſeventh Column; then, * 

againſt 7 in the firſt Column, you will find the fourteenth of 
April i in the ſeventh Column, under F, which is Fefter-Dey. 

Exam. 2. To find Eafter for the Year 1766: The Golden 
Number for the Year is 19, and the Dominical Letter E; in 
the Column under E, right againſt 19, pou will find the thirtieth 
of March, which is WF: after-$ 

As to the Roman Indiction, in the Diſtich for finding the 
Golden Number and Cycle of the Sun, it is of no Ufe but 
in the Court of Rome. "RO Foſephus Sali iger, by muſttiplyin 
= Co Numbers on yde The I; and hich be 2 
nto another, made a Period of 7980 ears, which 
2 Ts Period. Thus, Ls 


dle of the Sun — 28 
N W the Gold. 4. Numb. 79 


—— 4 „ 


| | Nap by te - 532 


g . | 2660 
| Ski. 532 
Te - 0; -.: 


he makes to begin ſeven hundred and fi ;xty- 
the Creation, according to the Fewiſb 
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Cycles for the Motions of the Primary Planets, ond 
2 Whiſtan'r Cyck for colruiating Solar Ecliples 


0 # . « 


without Parllayes. 


for calculating Eclipſes. This firſt induced me to 

think the Motions of the Planets might be computed 

by a Cycle, ſince their apparent Motions, as beheld from the 
Earth, depend only on their own Motions in their Qrbs and 
the Motion of the Earth, whilſt Eclipſes depend an divers vari- 
able, unequal Motions. On Examination, I faund that the Mo- 
tions of each of the primary Planets do return, after a Series 
of Years proper to each, the ſame in bath theſe Reſpects; and 
that their Motions will be nearly the ſame in a future, as in a 
paſt Number of Years, thro' ſuch a reſpective Cycle. 
The Planets moving in elliptic Orbs, in one of whoſe Foc? 
the Sun is placed, their Motions are flower when at a greater 
Diſtance from the Sun, and ſwifter when nearer, This Varia- 
tion is the ſame in every Revolution of the Planet, and is 
readily adjuſted by Tables of the Equation of their Anomaly : 
Hence their heliocentric Motions, that is, their Places in the 
Zodiac as beheld from the Sun, are the ſame in entire Revolu- 
tions. But, the Earth being a Planet that moves. round the 
Sun in its own Orb, the other. Planets Motions, as beheld 
from the Earth, vary according to the different Situation of 
the Earth with regard to the particular Planet, as well as from 
the Planet's Situation in its Orb : Hence, for the geocentric 
Motion of any Planet, a Period is required, in which the 
Planet has the ſame Situation, with regard to the Earth, when 


he returns to the ſame Part of his Orb. 


N E A R thirty Vai ago Mr. Whifton publiſhed a Cycle 


Since 


Since the Earth's Motion in her Orb, in any Number of 
Veats, is nearly entire Revolutions, it requires only a Series 
of Yeats for each Planet, in which the Planet per forms entire 
Revolutions; becauſe all the Variations in the Motion of ſuch 
Planet, whether ariſing from its own Motion or the Motion 
of the Earth, will, after fuch a Series, return again in the 
fame Order. Hence the Places of. the Planets may be com- 
puted from old Ephemerides, or Almanacts, without Cal- 

Saturn, the moſt remote Planet of the Solar Syſtem, per- 
forms his Revolution in twenty- nine Years, one hundred and 
ſixty-ſeven Days, four Hours, and thirty-ſix Minutes. In 
fſty-nine Years he goes two Revolutions and 1 1“. 8% 
and the Earth in the ſame Time falls ſhort of entire Revolu- 
tions but 15. 4 . 57 ; whence the apparent Motion of Sa- 
turn, after fifty-nine Years, will be nearly the fame in all 
Reſpects thro* ſuch another Period. The mean Anomaly of 
the Earth and Saturn, according to Mr. Street's Aftronomia 
 Carglina, i as follows: . 


Anomaly of the Earth. Anomaly of Saturn. 
40 h n 4. 8. 50. 36” 
| 19 ia 11 29 9 * 7 22 . 10 32 


7 
1 


20 
9 


Dif. from 12 Signs 1. 4 37 


'Fheſe Differences make very little Variation in Saturn's 
Motion, as. will appear by comparing two Years at fifty-nine 
Years Diſtance. Of this I ſhall give two Examples: The 
firſt, of the Year 1694 tompared with the preſent Year 1753: 
The other, the. Year 1675 compared with 1734. But, as 
in each of theſe Examples there are fifteen Leap-Years in- 
tervening, one Day muſt be abated in the fifty-nine Years. 
Then, with Regard to the firſt Example, the Style having 
been altered, the firſt Day of each Month in 1694 anſwers 
to the twelfth in 1753; only, as one Day is abated on Ac- 
count of the fifteen Leap-Years, the firſt of the Months will 
anſwer to the eleventh. I ſhall only ſet down the firſt of each 
Month in the Examples of the ſuperior Planets, as their Mo- 
tions are but flow, , * 


Gadbury's. 
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By theſe Examples it appears, that the Differences are from 
one to about two Degrees and an Half more in the ſucceeding 
Period than in the preceding; alſo the Retrogradation happens 
a Day later in the ſucceeding than in the preceeding Period. 
Theſe Differences being known, the Computation may be 
made to a ſufficient Degree of Exatnel, ' _. | 

Jupiters periodic Time is eleven Years, three hundred and 
fifteen Days, twelte Hours, and twenty Minutes. In eighty- 
three Years he falls ſhort 19. 2. 49” of four Revolutions; in 
which Time the Earth falls ſhort 1®. 13”. 50” of entire Reyo- 
lutions. Therefore, if we add one Day, and make the Period 
eighty-three Years and one Day, the Differences will be very 
inconfiderable, as appears by the following Calculation: 


: Anomaly of the Earth, 7 Anomaly. of Fupiter. 

5 90 J vn. 1“ 29. 32. 4 1 27.58 ;C 

3 is II . 29 .14 .36 33 is T3. 0.5911 
I Day Ws 59+ 8 i Day is 4.59 


11. 29 58 -48 11. 29 2. 10 


— _— — 


Diff. from 12 Sigas 4 .12 Diff. from 12 Signs 57. 50 


The 
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The Differences hence ariſing are little more than Half a 
Degree, as appears 8 che Aebi Enampley. Where ob- 
ſerve, that, in the 8 twenty-one Leap - Years have 

intervened in 1 2 5 the eur N —— 


o 


1117 
June 115 2 Jane 3 5 275 
uly 11 Aal 311 40 
Aug. 8 Jing. $ 38 
Sep. 1 7DoSep. 31 8D 


Oct. 1] 9 59 Oct. 310 25 
2 360 Nov. 215 ic 
Dec. 1ſa0 39 Dec. 8 


Mar e bis Revolution in one Year, three hundred 
and twenty-one Days, and twenty-three Hours. In ſeventy- 
nine Years he goes but 29. 48 more than entire Revolutions ; 
and the Earth in the ſame Time falls ſhort 1. 11. 56 of 
entire Revolutions, | 


Anomaly of the Earth, 'Anomaly of Mars. 
603 Yrs. 111. 29% 39. 1 60 In. 310˙ * 17 
10 is III 29. 9. I 07 T's 6 . 16. 36 
11 AEDT... Lee | 29 .48 
Diff. from 12 8 | 


Cine | 1.11.56 


The Differences hence ariſing will appear by the following 
Wings 
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1 


Wing's Weawer's | - 
Ephemerides, | Ephemeris, | 
1665. „5 


DDr AE. 


N | 
Jan. 1] 5 41 Jan. 1] 6% è344 
Feb. 1] oX13]Feb. 1] 1 of - 
Mar. 2 22 5$g|Mar.1]23 ' 500 
Apr. 216 T5 zA pr. 1177444 
May 2 95 14/May 110 30 
hay: 1H zal fune 1] 21326] | 


July 2422 16] uly 123 1. 
Aug. z 12 gl/Ang.i[13 851 
Sep. % 
Oct. 220 38 Oct. rj21 424 
Nov. z 71p57}Nov.1 97 7 
Dec. 22 Dec. 124 if + 
| I 17 ol 6:2 814 


In the firſt Example, twetity Leap-Years haying interyened, 
the ſecond of each Month'in 1671 anſwers to the firſt in 1750: 
In the other, there had but nineteen Leap- Years intervened, 
therefore the firſt of January and February in 1665 anſwers 

0 the firſt of January and February in 17443 but, that being 
Leap-Vear, the twenty-ninth of February anſwers to the firſt 
of March ; therefore the ſecond of March, and all the ſucceed- 
ing Months in 1665, agree with the firſt of each correſponding 
Month the Remainder of the Year. 

Venus revolves round the Sun in two hundred and twenty- 
four Days and ſeventeen Hours. In eight Years ſhe goes 
1. 15 18” more than entire Revolutions; in which Time 


the Earth falls ſhort of entire Revolutions 2' . 48 


Anomaly of the Earth. Anomaly of Venus. 
8 Years is 11*. 29%. 577.12” 8 Years 3% , ,o- 
| — Exceſs 511 35.18 


Diff. from 12 Signs is 2 . 48 


In this Period there can be neither more or, leſs than two 
Leap-Years, The Variations in the Motion of Venus, from 
one Period to another, will be ſeen by the following Examples 
of three Months Motion in each Year. , SES 
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The Motion of Vows for three Months in the Year 
169g compared with three Months of the Year 1701; 
both from ny, s — 15108 
Y — mow 
1 Jan. Jan, | Feb. Feb. | March March 
1693. | 1701. | 1693. | 1701. 1693. | 1701. 
L in 1 ein e in yy e in w] Linz L in a. 
1125 7 | 12* 39 | 199 4220 18'] 23e 3424 35 
2 | 13 20 x 52 | 20 55 [21 31] 25 20] 25 48 
B 8 22 922 4426 7427 2 
4 | 15 45 18 16 | 23 22 23 5827 54128 15 
5 | 16 577 29 | 24 35 [25 11] 28 40 29 29 
8 1 — 11 — 
| 4 18 918 41 | 25 4926 24 | oX27 | 0X42 
7119 21119 5427 2|27 37|-1 17] 66 
| 8] 20 332 rn 211 $3. 9 
9 131: 1929 29 0&2 4] 3 45] 4 23 
10 | 22 58 23 31 ow4zh 1 18] 4 58] 5 36 
11 Rense 2:90] 0. 18 6 50 
12 25 2325 56 3 8 3 0 7 25] $ 4 
13] 26 36]27 10 4 21 8 38] 9 13 
14 | 27 48] 28 22 E "SET $57 ” 9 51110 31 
129 1129 $51 0' 481} 97 25111 1 1-55 
16 O owf4g8 | 8 1] 8 3912 19] 12 58 
Rae 1490 15] s $3] 33 $2116 + 38 
8-1-2 401 3 144 1 28j1 514 461 15: 25 
19] 3 53] 4 271 11 4212 19] 15 59 16 29 
20] 5 6] 5 49 | 12 5513 33]17 13]17 32 
21 | 6 18] 6 53 | 14 914 4618 2719 6 
22] 7 31 8 6 | 15 2316 o| 19 4020 19 
.23 | 8 44} 9 19 | 16 3617 13 20 531 21 32 
24 | 9' 57] 10. 32 | 17 5018 27122 722 46 
25 It 1011 45 19 3119 401] 23 2023 59 
.26 | 12 23] 12 59 | 20 17|20 54] 24 34 25 13 
27 13 36 | 14 12 | 21 30 22 725 4726 27 | 
28 | 14 49] 15 25 | 22 43| 23 21 |27 2|27 41 
*29 | 16 216 38 28 1928 54 
i $1 29 28] OT 8 
31 18 2919 5 oV42 | 1 20 
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The Motion of 
1744, from the twenty-firft of December to the End, and 
the Year 1745, from the firſt of January to the twenty-ninth 
e March incluſtve, compared with the firft three Months of 


© "this preſent Year 1 


1753. 
January. 
*in x 
14551 
3 
17 18 
18 32 
9 15 


. — 
euerer yn = 


La ies. 


NV Q nn m 


Venus, according to Weaver's Ephemeris 


753, according to White's Ephemeris. 
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Mer tary" 
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Mercury's periodic Time is 


eighty-ſeven Days and twenty- 
hree Hours, 


In ſeventy- nine 


ears his mean Anomaly 
deeds entire Revolutions 12.21 
ber! and the Earth falls ſhort 


ex- 


11. 66“, as we have ſeen 
Mars, whoſe Cycle i is the ſame. 


Anomaly of . | 


60 Years 


1*,13* 30. 0 
19 Years E 42˙2¹ 


— 1 2 


— hh 


— * 
12.21 


—— 


Ephemeris. Jobs * i 2506 — 
1673. 1753. m . 1753: |] Ty 1733 
December. January. January. ebruary, February. March. 
an ae e, ee Lin de] in de 
221289 15'] 1/27 20%½a2 1% 4% 1]17® 2122] 48“ 4| 29 
12328 222K 9238 38] 28 20023] 2 5 2 12 
1J24|27 40 3126 47]]24|19 39] 30 22/24] 3 4 3 36 
4251259 12] 4/26 132520 4r] 428 '46{]}z5| 5 31] 7] 5. 47 
426126 32] 5{25 27264 483} 5{21 32 —_—}] 
7-8 argovt 24 wy —1— 267 16 81 2 27 
27425 40 621 3127122 55] 6122 40 27 92 4 9 9 , 14 
28124 39 7123 2652824 4] 223 5028070 50% | 2 
12923 30 $122 15/2925 16] 8[25 21} —l— OY STR 
432422 14] 94:09 593026 29} 926 151} March, \ | 
43120. 55}10|19 39/317 43ʃ0% 7 3s x12 39] 17 [12 51 
| 1 ＋ * * — 2114 2911214 42 
January. February. I 3116 2013 | 16 34 
42 13 3887118 20] 1128 59 rn 23 46 4118 12114 18 27 
4 217 1611217 3 2| o15]2| 6X 5] 5j20 7175120 22 
337 , op 1315s 5a 317 351731. 2. 251} —=|— . og 
4 4 15 50 T4 | 14 471] 4] 2 551-4] 27 6]22 © 16122 17 
5114 4815/13 500 54 17/75] 4 12723 5617724 13 
832 — —— 1 825 538126 10 
4 6113 547613 1 6] 5 401665 37 9127 510928 9 
1 7113 12000 2277 5|17| 7 3029 5020 ov 9 
812 34|1$]11 5x]} $1] 8. 20[18] 8 30] — 2 mon: 
9112 91911 309 57119] 9 571117] 1W50[2T] 2 10 
110i 5322011 1701 25120111 2572] 3 51 22 4 10 
1 hay — — — 365 52123 6 12 
11711 46021] 1372 5302112 5474] 7 55124] 8 1 
12110 45[22 1018724 232214 25] 759 57125410 1 
1131 54123111 2935 54/23/15 571 — — — 
! 14|'2 22|24|1n 4874/7 26[24|[17 301612 26112 27 
11512 44/2512 1315: 012511 17114 3127 23 
+ — | 2 IE. 30804 23 
16613 1226012 4316020 3412620 381918 9129178 26 
17111 4627/13 190] 17122 27 22 14 l 20 20 1030 20 27 
184 24|238|13 59/084 2828023 57/7122 913722 26 
112915 7129074 440 — — —ę— | 
120115 $55} 30115. 33 March. 
21 16 463716 251926 27] 125 22 | | 
3 : 


Mercury' s Wotan, ee to "Gadbury 1 Ef pbeneries, from 


tauenty. ſecond of December 1673 to hes ven -firſt of March 1 67 
avith. t 


(there having twenty 


Leap-Years intervened, compar 
firſt three Month; 4 the _ Year 1 753» ay to White's 


; the 


»„— 


— 
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1668 a wohich anfibers 


1668. | 1747. [- 1668. 1747. ||. 1668. | 1747. 
January. January. ebruary. January. March. March. 
Is in yyf e in y [in fein z in % in de 
20 2 23] 1] 1 51/1 5 5651 2 531] 1/22 372% 53 
312 20 2] 1 gf} [pp — 1 24 3624 51 
442 37 3 2 100 February. 326 366 5c 
113 55/4 2 37] 2þ 4 16} 1| 4 22]þ 4423 308 50. 
6 3-20} 5| 2 594 3] 5 47] 2 5 53h] 5þ ®Y 37], ©V 56 

——-—4 7 7. 2} 

713 $1] 9 3 33 5.8 50] 4] 8 5714 2 380 2 51 

e 74 39 4 3% 
of. 10 8 4 54[| %% 23] 6% 30% 8109. 490 50] 
SL ol 5 4] 7Þz . 57] 2 es 418 5c 
it ah 6 32] 803 32] 71t3 39]Þojo 40%j 
OL TU PN! HY CIR: 9115 8} 805 16] ff —— 
12 7 3811167 28 EE 44] 96 5212 382 
1318 34/2] 8 26 — 24 34/4 


149 34139 28] [81 18 2 lies 300 [316 2816 
1800 374% 3e 59Þ 120 10 [14413 2018 30 
ehr .42\15)11 36/321 37/1221 50 15 EO 10420 18 
— — — 114423 1711323 12 174 N 


17% 4901601 45] [15]24 580% e 5 


r 1 
19015 9185 8626 43/1526 58[[18 

5 22119016 22] [17]28 2711628 41] : of26 5442 
21017 3720117 380 [18] Oo og [2oj28 24/8 
— rof 1 58118] 2 18] | — — 
22418 5421018 55/ [z 3 45/904 4% 29 $0129 
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The Differences appear, by theſe Examples, to be but ſmall, 
and may be allowed for, according to what each Example 
ſhews to be requiſite. And, as to the Place of the Sun, that 
is well known to be the ſame, taking a Cycle of four Years, 
on Account of the Leap-Years. So that the Sun's Place for 
four ſucceſſive Years will ſerve for a Century, adding one 
Minute and thirty-ſix Seconds for every Cycle of four , om 
And-when, at the End of a HR the Leap-Year is 
omitted, the Cycle muſt be made four Years-and one Day. 


Of Mr. Whiſton's Cycle for Eclipſes, 

The moſt uſeful Cycle for Eclipſes is that publiſhed by Pliny, 
of-two hundred and twenty-three Lunations, which are:made 
in eighteen Years, eleven Days, ſeven Hours, forty-three 
Minutes, and fifteen Seconds, By Reaſon of a Miſtake of a 
Figure in Pliny's Book, it being two hundred and twenty-two 
inſtead of two hundred and twenty-three, this Cycle had been 
taken no Notice of, Moſt of his Readers finding it, by Trial, 
to be a Miſtake, eg er no farther, But the great Dr. Halley, 
preſuming on the Sagacity of Pl, made farther Enquiry, 
and found out the Miſtake. Perceiving the Uſefulneſs of this 
Cycle, he looked on it as a valuable Diſcovery, and, I ſuppoſe, 
intended to publiſh it to the World. In the mean Time. 
Mr. Whifton learning the Doctor had made a Diſcovery of a 
Cycle for Eclipſes, and that he called it the Chaldean Saros, 
he recollected that Pliny had made Uſe of that Word, and 
thence began to ſuſpect the Doctor had his Cycle from thence, 
On fearching Pliny, and finding the Number wrong, he ſoon 
found out the Miſtake, as Dr. Halley had done before, and 
immediately publiſhed it. In this Cycle, the mean Motion 
of the Moon from the Sun is entire Revolutions, and the other 
mean Motions are nearly ſo: Hence the Eclipſes of the Sun 
and Moon, in this Period, return with nearly the ſame Cir- 
cumſtances, except what ariſes from the Exceſs above equal 


Days. I ſhall ſet down the mean Motions from Mr, Fhifton. 


Mean Motion of the Sun Mean Motion of the 

' or Earth. . Moon in the Ecliptic, 

18 Years 11*. 299. 38". 32” y* $307" 2987 
11 Days I „ 50 32 4. 24 56 35 
7 Hours 17. 15 0 3 7530 35 
43 Minutes 1. 46 | | 23 30 
15 Seconds I | a. 

Sum 10 . 48. 6 — 8 


Mean 
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Mein Motion of the Apogee. 4 Mean Motion of the Node 
18 Years 12% . 24 53” 115. 18%, % 39% 
11 Days 11 13 80 34 . 57 

7 Hours | I . 57 . 56 | 
43 4 Minutes 12 5 6 


— 


— — 


Sum 13. 39 . 34 W -LNI EP 43 - 38 


From the mean Motion of the Apogee 13%. 39 5 = 
Subtract that of the Moon in the Ecliptic 10 G h 


2 


ü wm 2 , 28 


To the mean Motion of the Moon 10 4. >: 
Add that of the Node — 11%. 18 . 43. 38 


2 


7— —— 


Sum 11. 29 a 31 44 5 


n 


Difference from 12 Signs - 28 . 16 


Thus the Difference of the mean Motion of the Apogee 
from that of the Moon is but 29. 51. 28”, which is about 2 
of the whole Difference of 180® : That of the Node is but 
28". 44 „ or g Part of the whole Difference: And the 
mean Motion of th 4 Sun differs little more than g of the entire 
Difference. Which Quantities, being but ſmall, cannot oc- 
caſion any great Variations in the Time or Circumſtances of 
the Change or Full of the Moon, or even in Eclipſes, rn 
will therefore return nearly the ſame in different Periods, 

The Limits for Eclipſes are, for Lunar Eclipſes 119. 40', or 
700', on each Side of the Node; and for Solar Eclipſes 
169. 40', or 1000', on each Side, If we divide-700* by 
28 . 16”, we ſhall have 25 for the Number of Periods after 
a central Eclipſe of the Moon in either of the Nodes, before 
the Moon gets clear of the Earth's Shadow entirely; that is, 
450 Years, for 18, being multipled by 25, produces 4503 
and it is double that Time, or 900 Years, from the Moon's 
firſt getting within the ecliptic Limits on one Side of the Node, 
before ſhe gets clear on the other. And if 'x000', the Limits 
of Solar Eclipſes, be divided by 28”. 16”, we ſhall haue 35 


for the Number of Cycles wg a central Eclipſe of the Sun in 
one 
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one of the Nodes, before the Earth gets clear of the Shadow 
of the Moon; that is, 630 Years, the Product of 18 multi- 
piled into 35; and double that Time, or 1260 Years, from 
the Earth's firſt coming within the ecliptic Limits on one Side, 
till it gets entirely clear of the other. During which long 
Periods there will be Eclipſes ſomewhere. 

Hence the Alteration in each Period, with Regard to Lunar 
Eclipſes, will be 4 Part, or nearly + a Digit; and in Solar 
Eclipies r, or ſomewhat more than 4+ of a Digit: Tho' 
Mr. Mbiſton, by Miſtake, makes the Alteration about a Digit 
each Cycle, 


With Regard to the Alteration in Time, by which any 


Eclipſe may fall before or after the Concluſion of the Period, 
this depends on the Situation of the Earth and Moon in their 
Orbits. For, if the Earth be nearer its Aphelion than the 
Moon is to the Apogee, the Earth moving comparatively 
lower, and the Moon comparatively ſwifter, the Moon will 
arrive at the Conjunction or Oppoſition ſooner than the 
Concluſion of the Period. If the Earth be farther from the 
Aphelion than the Moon is from the Apogee, the contrary will 
happen, and the Eclipſe will fall ſomewhat after the Expiration 
of the Period. 
The Quantity of Time to be allowed in theſe Cafes muſt 
be determined by the Anomaly of the Earth and Moon. We 
have ſeen that the Earth goes 109. 48. 6”” of Anomaly, and 
the Moon 29. 51. 28 more than entire Revolutions. There- 
fore the Difference will be the Time the Moon takes to go 
ſuch Diſtance as is the Equation for 10. 48. 6 of the Earth's 
Anomaly, in ſuch Part of the Orb in which the Earth then 
is, with Regard to the Earth's Motion ; and ſuch Time as 
the Moon takes in going the Equation of 29. 5. 28”, in the 
Part of the Orb the Moon is then in, for the Moon's Motion. 
This may be determined by the two following Tables, 
where the Time to be added to or ſubtracted from the Period 
of eighteen Years, eleven Days, ſeven Hours, forty-three 
Minutes, and fifteen Seconds, is calculated, with Regard to 
the Sun, for the particular Month in which any Eclipſe hap- 
pens; (but then it muſt be obſerved, that this Table is made 
according to the New Style, and therefore the Time to be 
added, or ſubtracted, muſt be ſought by the Month and Day 
of the New Style on which any Eclipſe happened ;) and, for 
the Moon, according to her mean Anomaly at the Time of 
the Eclipſe, | 
A Table 


of A. Witten Gi Git ir Eetphe: _ 
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March add 


June ſubtract 
Juß fobttabt 


12 
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thi 42113 2 


4 
. 
3 
- 


Frag a | 
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erence according to” the- hnomal 
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13. 775 7 
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e Uſe of | "theſe Tables will be beſt explained — 


r which Purpoſe, Me may take the remarkable Solar- Eclipſ- 
P hich happened at the Siege of Barcelona in the Vear 1706 
In the firſt of May, at nine Minutes and forty-five Second 
{Wing in the Morning; that is, OY to Aſtronomica 
tion, rr 0 % 92 whichi in eighteen 
ears, that is, from May 1706 to 924, hve? Leap- 

-intervening, ther uſe. in this 2 Ga only added 
— ods ten Days, ſeven Hours, Forty-three Minutes 
q t onds. 


by | 
> 1 «YT © 6 | ® 2 x 55 Fal. 
: : | | LY 
” , 


| — OH — — 
8 my To 63: y 04. 20; 9 245 due 
| 
| 


"1 +1: — — — 

— — 21. 4% 

— u 2 y A q,135 2. 17 JQUL ty 
ence the next correſ ain Eat would happen at fifty 


Hree Minutes "paſt Four in the Afternoon, on the eleventh © 
ay 1724: Then finding, by the Table, the former. Eclipſe 
| ay Old Style, that is, the twentieth 
| re muſt be 100 40% ſubtracted on 
of the- Sun's Motion; and the Anomaly of the M 
the: fame Time I — — the +55 pawns 18 5 to be 
3 ſor which, by te 
ubtrafted from 1 5 before found. — 4 BY 
e eee ee can | | 


| . c 4 
= : 18198 4 1% : 4 * 2 1 9 N * k 
7 4 + , 0 72 . 4 F 6 . ku © . . # 75 
. — —— „% 32 27 
— n 
N * 9 > y K. » 3 N 3 I \\ FE * en 4 . — — 


%% © © ob ai rt N. 5 * 


— 1 — 
fore the trbe Time for this Eclipſe x was twent 7 
Fe onds after Four in the ee, — 
ben ito is to be obſerved with Regard to Solar Eelipſes, that, 
chen they fall in the Afternoon, they come ſome what later, 
wal in + Firenooh ſome what ſoonet, than the true Co 
So that, on this Account, the Eclipſe happen 
bdut one Hour an three Quarters later at London than t 
piratidon of the Time; on Account that the Eclipſe in 170 
2 Forenoon,” and that in 1724 iti the Afternoon: 
har — true Time of the Middle = the Eclipſe x at Londen v. 
þ _ the n of LG at WE] in ROAR. 


] >a Y Do peo — Ie 4 


S £ 


Oo Mp: Whitton" Gel fer Eclipfes. 367 
* ie ne ö Name dhone 10 

14 0 hr $3 2 * nN. 200 ons Sc 
n n Add 9210 — innen. 


. «> * 
— 4 ee +. 


1742 1 1 3 8 
e * /, 498 — a Y; er 3 + 21 TT 

| Which brings the next Lotreſponiilas Eelipſe to the twenty- 

ſecond of May 1742, at three Minutes and forty-eight Seconds 

paſt Midnight. From whieh ſubtra& the followitg Time, 


found by, the Tables: t do be ae ot * 


For the Sun's Motion Mey. IT, or April 3 305 ſubtract 25; 30% 


| For the Anomaly of the Moon, 855 6* „ ſubtract 11.32 
5 $I 


san 10 lhre 26 2 


* * 7 9 * 


| From Moy 23 120. Ld 48”. 1 3 
uber | 26. 42 


8 © 174 42 May : 22. 11. 37 6 for the true Time 


To which add. 18 „ 10 7 4315 (of the: Middle 
— 1 the Eclipſe. 


Gires 17 76 Ta x. * 20! 21 44027 
Add for de New tyle 11 — 2 
OL. Ju 12 r oi 20 21 
t She idw of 
From which ck? a8 follows + 22 gene TIO 


— ——ꝑʒ—  ———_ 


For tho Bm Motion May 22, or 11, 1 53” 
Fer the Anomaly of 1 gs, 145 22 


„K | e . 26 
From unt 12“. 197. go. 10 % 
Subtrac „ e es 3 Aide 0 
Nan 1 wah 12 Re 18 4. oe 7 9102 1 4307 
why Bend 2:41 
That is, the thirteenth of June, at 
Six in the 9 
N. 4 — :12dut 07 (US | 
'Ddd 2 For 


mo11 
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For another Example of a Solar Eclipſe, let it be the very 
remarkable opę that happened the — 4 of April 1715, 
at twenty-five Mippres and ſaty-thros Seconds paſt Nine in 
the Morning. — 


That is — 17157 April 215. 21, 25”. Wy 
OPM J IQ, 7/1 431 "A 


iv 


IT — „ +4 _—_— +6 


© Gives — WS FN 3.58, 


That is, the ſecond of May 1733, about Five in the an 


But here the Tine. of the 5 or Fon 


Fave ren to (þ ergopn, it will 
os. 977 yn; ht he 5 with Regard to the 


of the Syn and Mogn will be as follows: 


For the Sun, April 22, or 11 N. S. ſubtract 13 15” 
Anomaly of the Moog, 6*. 202, ſuberger 8 


— 
otion 


822 K ww, V — 1 — 


; 40. 48 
| Phat ts ure kiss is bout ix i the Alete for 


—— me + — . 


From the Time. before found — . 8. 5.14 


Remains 1 > Ps & » 28. 
To which add, for the Alteration 
from Forenoon to an. 4. 1 


02 


1 82 Time, 17337 8 21. ug 28 . 10” 
or = oh: IT» 7-43-15 


Gives — 7 Moy 13 n 
From which fubtraGt as follows : | 


—— 


For the Sun's Motic AV. Or I N , 
Style, En LR "$20 


Sum to ſubtr 4 17 
- From 
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From * 12. 11“ 85; 
Nm ae „ 


13.11. 4 8 


Which FTIR? at ans ye of Courſe inte * 
us. The nent will happen as follows s: 
To 19517 May 13. 11. 24 17 Th 
Add 18 10. ub 2. | 


* 1 


1769 23. 19 WS * 


From. which bernd as follows : 


| For the Sun's Motion, fry x3, or 2 N. 8. ſubtract 26 33” 
For the Moon's Anomaly, 6%. 2305 ſubtract — 16 . 


53 ˙ 17 


* Þ : 94 


From _ . 195. 5. 
0 5317 | 


; 23 1814 G 


This is, the 1 of May 1769, at ſourteen 
2 and ſix Seconds paſt Six in the Morning, Old Style; 
Reaſon of the Alteration of the Style, this Ecl: iple 

| oy al; on the fourth of June, at the ſame Tie of the 5-4 
Fhe next Example ſhall be of a total Eclipſe of the. Moon, 
which happened on- the twenty>third of February 1700, at 
twenty-four Minutes and forty-ſix Seconds paſt Seven in the 
Morning: To which: adding. ; cg Years, ten or eleven 

Days, (according as there have happened either five or four 
Leap- ſaver Hours, . forty-three Minates, and. fifteen 
Seconds, three times, we ſhall have the three fucceffive cor- 


Subtract 


reſpondent Lunar Eclipſes as follows : 
To, | ——— cor Feb. 224. 19%. 24". 46” 
4 — 8 10. 7443-15 
Gives ſor the ſecond 17948 Manch. 3 3. $. R 
To which add „ . * 10 © 3-548 - By 
| Gives for the third 2736 March 15; . 10 51 16 - 
To which add —. 18 11. 7.43 = 


Gives be ide Huh 5. Merch 26 II 3+ - * 
„ Tate 


30 N M THE NMHT TEN.“ 


That is, the ſeventh of Abril New Style, at thirty- ſour 
Minutes and thirty- one Seconds after Six in the Morning. ty 
2 of which adding or ſubtracting the Time in the for 

ing Tables, we ſhall have the true Time of each Eclipſe 
Thus, tbe firſt Eclipſe happening on the n of 
February, Old Style, and the” Anomdly of the Moon bein 
then 7. 8, one 2 add, the other ſubtrack; their Dif- 
ference being added, © as that is rn Patt, you the 
r >1. fa. 7. Of 


1 


-4 «c . —lF d m E 


— —̃ —ę½ 


For the Sun's Motion, Feb 2% or 12 N. 8. add 29. 43 
For the Anomaly of the Moon, 2 8 ſubtract 22 . 51. 


2 Difference to add 


What is to be added or ſubtracted for each of the other 
two is gs. follows : 


For the Sun's Nation 2 11 or © kn 11 
Me Mig, —— Jag + 21 

For the Anomaly of the Moon, 7 7 ſubtract 21 50 

marwot 25 oor nd 'Difference to 04 * 3 


14 


6 52 


7 
* - 


For the FR of the Moon, 7. I4* bg 21 48 
For the Sun's Motion, March Ts, or 4 N. S. add 14 39 


— — 


Difference to fubirac” fe 


To the en Time of th 2, 1718 March 54. 3. 7 
1 Y 
Gives the true Time, — 1718 March 7 7 4. 


To mean Time of the 3d, 1736 March 154. 16®, 516. 16” 
Add 6. 52 and 1. 31 „ i.. ͤ 823 


— — — — 


Gives the true Time, 1736 March 15 . 10. 59 . 39 


— — * 2 


To mean Time of the 4th; 1754 April N. S. 64. 185. 34 310 
Add the Diff. of 8”. 23 and 7. 7, i. e. bu. 16 


Gives the true Time, 1754 April N. S. 6. 18, 3 5 46 


The principal Alteration in this Period is with W 60 
the Time of the Day, on Account of the ſeven Hours, ſotty- 
three Minutes, and fifteen Seconds; which not only makes a 


great 
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gfeat Difference with Repard to the Places where thaſe Eclipſes 
are viſible, but, in Solar knen makes. a more conſiderable 
Alteration with Regard to Time and Quantity; . tho“ 
Lunar Eclipſes are abſolutely the ſame in all, Places ; Where. 
they axe viſible, To remove. theſe eon fern Mr. I hiſton, 
propoſed the. putting three of theſe Cycles. es Which bp 
als thee grand Cycle for Eclipſes, in, b Nan the odd Hours 
inutes amount nearly. to a who le dl wei 
3 e Eclipſes will be brought to nah 
of the ay, in the fame Places, with on 15 By B inu 
Antieipation. This Cycle conſiſts of fifty eur Years = 
thirty-two. or 1 2 Days, (that r Days, 
when fourteen Le 5 intervened, and thirty - three 
Days when there e been ut thirteer p- Days) ahating 
fifty Minutes. This Cycle. brings. the 92 5 es to almoſt the, 
eme Time of the Day, and with nearly the ſame Circum- 
ſtances, and is therefore preferable to tbe, ſingle Cycle, Ke 7 
for Solar Eclipſes: This has been already Been in the former 
Examples. Thus the Solar Eclipſe on; the, firſt of , May 1706, 
at Nine in the Morning, by the Addition of fifty-four Years. 
and: thirty-two 5 a fifty Minutes, 2) there oh 
fourteen, Lag. Day ings us to, the. ſecond-. 0 June, 0 | 
Style; . that is, 155 0 70 of June 1760, at. abou Wa 
the Morning. Thus alſo; the great Eclipſerof the Year 17 bs 
will happen in the Ma” 1769, within about two, Hours, o 
the ſame Time of the Day., And the laſt Example of th 
Lunar Eclip ſe will be but little more than, Half an Hour SD 
than it Nobel in the Veat 1700. 

Eclipſes of the Sun that are central, are either. total, when, 
the whole Body of the Sun, is bid by. the Moon; or annular; 
when the Moon's apparent Diameter, being leſs "than the; 155 
parent Diameter of the Sun, cannot hide the whole, 0 5 of. 
the Sun, but-a Ring of- Light is ſeen round the Moon's, 5 
Alſo the Duration of total Darkneks | in total Eclipſes 
the Sun, is longer or ſliorter, in Fropgrtianh as,..t by RNS nk 
Diameter of the Moon exceeds that 9 e Sun. Te 
ferences ariſe from the SR 15 "Di AJICES, of th the Eyes 


Moon, and, Sun: For, Tim. of ep Solar 
Eclipſe, * Earth be i in i Abele, Ye rtheſt Diſt ange 
from the Sun, the ae Niameter. of t 95 being then 


leaſt, and, the Moon in the 1 „ Or N N And. 
of Courſe its apparent. 83 7 .the_total Darkni 
will be of longer Duration; On the contrary, the Earth. in 
its Perihelion, the apparent Diameter of the Ben beirg cen 
greateſt 
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und the Moon in ber Apogee, in a expel Sol Sblar 
ipfe, there can be no total Darknefs ; "but the 
be annular, that is, a Rin e e L wat de hue 
wurd the Moon's Body, herefore, if, te any Eehtrat Eee, 
che Earth is going fro the Aphel to the Petihblion, the 
Sun's apparent Diameter will gradvafly inereaſt ever 0 ot ; 
and, from the Perihelion, decfeaſe ill arrived at the. 
Hon. "The fate is the Caſe with Regard to the 4 bat 
Pfanleter of the Moch, which increaſes from the Ale to 
the Perigee, and decteaſes from the 1015 to the Apogee. 
Now, if the Moon's apparent Diameter Anf and Ike 
* Sunt's: decreafing, the Eelipſes will eve ry.C le intreafe ; but, 
if the Moon's apparent Dlametet aud the "Sitt's 
increaſes, | there Will be every Cycle Tefs teal Obleutity, e i 
the Edlipſe becomes lr Laach, if the Diamieteſs 
Sun and Moon are both ene ot both decreaſing, the 
wages wilt be nearly the fame thts” a lortg Soctemen bf 

eriods. 

"The Situation of the Earth itr its Orbit may be knowii by 
the Tine of the Year ; for the Earth is iti its Apheſibn'zbout 
the thirtieth of Jane, and in the Perifielion about the thirtieth 

December; and irjcreates one Sigh of Atiomily in abot 
thirty Days, or nearly a Degree each Day. And, 2 to the 
Anomaly of the Moon; the Days fie is itt her Apogee and 
Perigee are noted in afl Ephemerides; and her Motion of 
Anortialy being about thirteen Degrees à Day, that js, à Sign 
itt fottiewhat leſs than two Days 4tid an Half, it will not be 
difficult to determine the Anomaly of the Moon whett any 
Echpſe happened by an old Ephemeris, wirbout na 
Tables, near enough for the Pur ſe of determining the Varia- 
tions of any future Felipfe, either as to their true Time of 
Happening, "by the Fable above given, of the Ttierexft or 
Decreaſe of the Obſcurity of central Eclipſes. Ofdly obferve, 
that the Anomaly of the Moon is teckoned from the Apogee, 
ant of the Earth from the Aphelion. 

Fhus may the Full, Change, and Quarters of the Moon, 
and Eclipfes borh of the Sun and Moon, be found by the fingle 
of grand Cycle, with little Trouble, to a good Degree of 
Exadnefs. Arid by the fame may alſo be fouttd the Moon's 
Phace in the Zodiac; for, the meam Motion of the Moon from 
the Sum exncti/ correſponding with theſe Periods, the Diſtance 
of the Moon ſtom the San will vary very little tho” ay ſuc- 
&teding Feriod om what it was in 4 former. 


FR 75 
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To find the Mom's Place in the Zodiac by the grand Cycle of 
fifty-four Years and thirty-two or thirty-three Days, abating 
fifty Minutes. 


Rule, From the given Time ſubtract fifty-four Years and 
thirty-two or thirty-three Days, according as fourteen or 
thirteen Leap-Days have intervened ; then, by an Ephemeris 
for that Year, take out the Moon's Place in the Zodiac for the 
given Day, and alſo the Sun's Place; from the Place of the 
Moon ſubtra& the Place of the Sun, adding twelve Signs if 
neceſſary, and the Remainder is the Moon's Diſtance from 
the Sun ; this being added to the Sun's Place for the given 
Day, gives the Moon's Place for the fame Day very nearly, 
making Allowance for the fifty Minutes, | | 

Exam. 1. The preſent Year 1753, January 1. 

This being ſince the Alteration of the Style, eleven Days 
muſt firſt be ſubtracted, 


To Fanuary 1 
Add — 31 


Days for December. 


Subtract — 11 
December 21 Old Style, 1752. 
To which add 30 Days for November, 


51 
Subtrat — 32 Days 54 Years, 
| 19 November 1698. 


Moon's Place Nev. 19, 1698, is M. 3®.19', i. „ *. 3. 10 
122 | 


To which add ——— ; * 
Sum 19 4, 3 19 
From which ſubtract the Sun's Place the fame 2 8 Ke 
Day, 1 7%.50, i. 6. — 85 7 5 5 


Remainder is the Moon's Diſtance from the Sun To . 25 . 29 
To which add the Sun's Place Jan. 1, 1753, 9g . 11 21 
Gives the Moon's Place the ſame Day —— $8. 6.50 


That is, 2 6. 50%, the Moon's Place at ten Minutes after 
Eleven o Clock; to which adding 27 for the Moon's Motion 
in fifty Minutes of Time, gives 2 7. 17” for the Moon's 
Place at Noon, on the firſt of Fanuary 1753: And by White's 
Ephemeris it is & 7 22”, | e 


E e e | Exam. 2. 
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Exam. 2. To find the Moon's Place for Fanuary 5, 17535 
. correſponds with November 23, 1698. 


Moon's Place November 23, 1698, is 89. uy 8” 
Sun's Place on the ſame Day — 8.11 54 


Diftance of the Moon from the un R 14 


To which add the Sun's Place for Fa- 22 
nuary 5, 1753, W 15. 26, i. e. 39 N 145 3 
9 . 24. 40 
To this Sum add for the fifty Minutes 27 
„ 


That is Y 25% 7 : And by Mpite's Ephemeris it is 
1 2 5% 5 In the ſame Manner may the Moon's Place for- 
any aſſigned Time be computed from an Ephemeris fifty-four 
Years back. But, for the farther Satisfaction of the Reader, 
I will here give the Moon's Motion in the Zodiac, computed, 
as in theſe Examples, from Gadbury's Ephemerides, from the 
nineteenth of November 1698 to the twentieth of December 
incluſive, which anſwers to the Month of Fanuary 17533 
and, by ſetting down the Moon's Motion in the ſame Month 
of Fanuary from White's Ephemeris, it will appear how near 


the Computation correſponds with the Aſtronomical Calcu- 
lation of that Author. 


TC 5 Place C's Place] (C's Place C's Place 
computed. by I bite. 2 computed. by M bite. 


7” Þ' 17] 70 £22]. j1i6[27® 13j14% 50 
19 1819 24] [17] 2 S 2029 50 
1 vy 1661 VW 19] 1817 36015 S © 
13 12 9 2 N 52] o Q- 22 
25 7125 5j [20j17 58 i5 42 


” x) "310.2 $77 <1 2 1 440M 49 
19 LS” 20 | 
1X 3] & 48 


13 11112 51 


een ur 
Va 
— 
2 
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"The Latitude of the Moon. 


11698. C Lat. j1753.] C Lat. ||1698.] (Lat. 1753. (Lat. 
Nov. | North. Jan.] North. || Dee. | 


19 2 14 11 Xt 6 14 49'] 18 [4 28' 
20 [3 11 «£3... - Is 3] 4 54 
21 14 of 3|]3 46]0][ 8|s 15} 20 [4 59 
224 30] 4]4 23] 94 56] 21 }4 43 
23 15 3] 514 4$]] 10 [4 16] 22 [4 

24 [5 16 55 I — 

— — 11 3 28] 23 [3 19 
25 Is 164 +9: 6 I 12.12 24] 242 19 
WES: 0 8:44 4851-144: 2728 $4.5. 14 
27 [4 32] 9,14 21] 14 ſo 6 26 fo 7 
25 13 421-10 1's at 15 [1 N. o] 27 JoN. 59 
29 2 57 12 544 == — 

ere i 5 .-242-j 2: | 59 16 4] 28 


— —— 


The Differences that appear in this Example might be ac- 
counted for by the Anomaly of the Earth and Moon, ſo as 
to bring it within a few Minutes in the Longitude: And 
by that the Latitude might alſo be brought to the greateſt 
Exactneſs. By theſe Cycles, the Motions of the Sun, Moon, 
and Planets, may be computed for a whole Year, with leſs 
Trouble than is required for one ſingle Day by the Aſtro- 
nomical Tables. 


FE 1 


2 


1 


1759, J. 6, put the Dot after the 1, thus, 
1.625; and on the other Side, 
for 12.9 read 13.0000, 

163, J. 5, re 

174, laft Line but one, read Art. 64. 

18x, dele the Dot in the firſt Operation, 

188, in Maſons* Work, 1. 3, read 

Thickneſs 


Length, Breadth, and 


| In the Deſcription of the' Tables of the 
mentioned a Repetition of the Numbers in the 


195, I. 15, read B AC. | 

204, Exam. 2, I. 3, read 3.532499- 

205, I. 5, dele . 6. 

206, 1. 14, read 484235. 

211, 1. 2 Prob. 9. 

214, 1. 13, read 39153. 

215, 1. 18 and 20, 552133; I. 22, 
read 1.773586 

222, L 9s read 11.6 76694. 

254, | . , read the Circle HZRN. 

* — and 9 * — * 

nometry, my, read one 

leſs than is printed, as r Prob, 41 

read Prob. 40, Ce. 


275, I. 3, read ſecond Rule. 


ons 8 read 9. 705469. 

285, J. 34, 704d 9.529140, 

2 e 
306 t. erpendicu 

321, I. 32, dele ae right Angles. 

350, I. 20, read Mes. 

353, I. 42, read one Foot in c. 

377, : 3, read is included. 

381, I. 1, for Venus's read Merevry' f. 


of . 16 
Column of the right-hand Page, 


but they are printed without ſuch Repetition, 


mM Maassen 


2 
1 


A 
ASL 8 
: W 
Logarithm Numbers, 


From One to Ten Thouſand: 
W HE R E B V 


The Logarithm of any Number 
under 400000 may be readily 
diſcovered. 


, 
* * 
* 
x / 


F- A B L E 
LOGARITHMS, 


[A2] 


N Tag. NT Log. Tae. 
1 | 000000-] | 34 | 531479 826075 
2 | 301030 35 | 544068 | 832509 | 
31477721 | | 36 556303 838849 
4 | 602060 | '| 37 | 568202 | 845098 
5 | 698970 | | 38 | 579783: 851258 

61778151 | | 39 | 591064 857332 
7 | 845098] | 40 | 602060 863323 
8 | 903090 | | 41 | 612784 869232 
9 | 954242 | | 42 | 623249 875061 

Io | 000000-| | 43 | 633468 | 88081 

I1 | 041393 1] 44 | 043452 880491 

I2 | 079181 45 | 053212 892094. 

73 | 113943] | 46 | 662758 897627 

14 | 146128 47 ret 903090 

15 | 176091 | | 48 1241 908485 

16 | 204120 | | 49 690196 913814 

| x7 | 239449 | | 50 0000 IS pi 

18 256272 | 51 | 707579 924279 

i9 | 27 — 52 212 929419 

20 301030 | | 53 | 72427 934498 

21 | 322219} | 54 | 732394 939519 

22 342422 | 55 | 749302 944482 

23 | 301728 | | 56 24th 949390 

24 | 380211 | | 57 | 755875 | 54242 - 

25 | 397940 | | 58 | 763428 | 959041. 

26 | 414973]. | 59 170852 1 92 | 963788 

2 [431304 60 ge ISI 968483 

2844715 61785330 973128 

29 | 462398 | | 62 | 792391 977723 

30 | 477121 | | 63 | 799340 1982271 

| 31 | 491361 | | 64 | 806180 980772 

32 | 505 150 65 | 812913 | 991226 

33 | 518514 | | 66 | 819544 9 | 995035 


— 


= 


PX ** . 4 


a <a. — 


"The Table of Logar 


thms. 


7 


2 


3 


004.321 
008600 
012837 


017033 


5 . 
0004.34. | 000868 
005181 


6 | 009451 


o13079 


017868 


| odg609 


bc —_ 


001301 


09876 
014100 
018234. 


051734 
006038 
| 010299 
014521 
018700 


021189 
025306 
029384 
033424 
037420 


| 021603 
025715 
029789 
033826 
037825 


022016 
026125 
| 030195 
O34237 
035223 


| 


022428 


020533 
030599 | 
034028 
038620 


| 022841 
026942 
o3 1004 
035029 
939037 


| 049218 


041393 
045323" 


053078 
056905 


045 7 4 
049606 
253403 
057280 


041787 - 


042182 
46105 

049993 
053846 
057666 


042570 
046495 
050379 
0534229 
o58040 


042969 
046885 
050766 
054613 
058426 


| 064458 


o60698 


068186 
071882 


075547 


089905 


079181 
082785 
080359 


001075 


064832 


068557 
072249 


075912 


079543 
083144 
086716 


090258 


093422 


093772 


061452 
065206 
| 068928 
072617 


079904 
083503 
087071 
090611 


094.122 


076276 


001829 


065579 
069298 
072985 
070640 


080266 


083861 
087426 
090903 
094471 


062200 


065953 
069668 


073352 
080626 


— 
2 
1 


096910 
100371 
103804 
107209 
110589 


997257 
100715 
104146 
107549 
110926 


097604 
I01059 
104487 
107888 
111263 


997951 


101403 


104828 


108227 


111599 


113943 
117271 
120574 
123852 
127105 


114277 
117603 
120903 
124178 
127422 


114611 
117934 
121231 
124504 
127753 


114944 
118265 


121559 
124830 
128076 


130334 
133539 
136721 
139879 
14301 


—— 


13005 5 
133858 
137037 


———— 


140194 


143327 


130977 
134177 
137354 
140508 
143639 


— 


131298 
134496 
137671 
140822 
143951 


146128 


149219 | 


152288 
155330 


158302 


146748 
149835 
152899 
155943 


158965 


147058 | 


150142 
153205 


I 5624 
159266 


.077004 | 


4 


— 


2— 


* 


it 


— 


— 


_ 


L 


| 


The Table of Logaritims. 


5 


| 


3 


7 


8 


9 


002166 
0064.66 
010724. 


914940 
019116 


002598 
oo06894. 
011147 


915359 
019532 


003029 
007321 
011570 
98779 
250 


003401 
007748 


011993 
016197 


020301 


003891 
008174 
0124175 
016616 
020775 


—_ 


023252 
027349 
031408 
e. 
039414 


023004 
027757 
031812 
035829 
039811 


024075 
028164 


032216 


036229 
040207 


024480 


028571 
032619 
036629 
040602 


024896 
028978 
033021 
037028 
040998 


04.3302 
047275 
OFIIGg 
054990 
O5 8805 


843755 
047064 
O51538 
055378 
059185 


044148 
048053 
051924 
055700 
059503 


044539 


048442 
252999 
056142 


99 


044935 
048830 
052694. 
056524 
060320 


—_— 


002582 
066326 
070038 
073718 
077308 


062958 


066699 
070407 
074085 
077731 


003333 
067071 


070776 


074451 


078094 


063709 
067443 
071145 
074816 


078457. 


| 004083 


| 071514 
075182 
078819 


067815 


o80987 
084576 
0881 36 
091667 
095169 


081347 
084934 
088490 
092018 


095518 


081707 
085291 
088845 
092309 
095866 


082007 


085647 | 


089198 
092721 
o9621 5 


0824206 
086004 


0895 52 
093071 
096562 


| 298044 


102091 


| 105510 


108903 
112269 


098989 
102434 
105851 
109241 
112605 


| 


099335 
102777 
106191 

109579 
112939 


099681 
103119 
106531 
109916 


112 


100026 
103462 
106871 
110253 
113609 


115611 
118926 
122216 
125481 


1128722 


115913 
119256 


122544 
125806 


129043 


116276 
119586 
122871 
126131 
129358 


116608 
1197 
123198 
126456 
129689 


116939 
120245 
123525 
126781 
130012 


131939 
135133 
138303 
141449 
144574 


132259 
13349" 
138618 
141763 
144885 


132579 
135769 
139934 | 
I 4207 

145196 


132899 
1 36086 
139249 
142389 
145507 


133219 
136403 
139564 
142702 


145818 


147676 
150756 
15381 5 
156852 


159868 


147985 
151063 
154119 
157154 
160168 


148294 
151369 
154423 
157457 


160469 


148603 
151676 
154728 


157759 


160769 


148911 
151982 
155032 
158061 


161068 
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161308 
164353 
167317 
170262 
173186 


161667 
164650 
167613 
170555 
173478 


161967 
164947 
167908 
170848 
173709 


162266 
165244 
168203 
171144 
174959 


176091 
178977 
181844 


184691 
187521 


176381 
179264 
182129 


184975 
187803 


1766 
179552 
182415 


185259 
188084 


176959 
179839 
182699 


185542 
188316 


190332 
193125 
195899 
198657 
201398 


190612 
193681 
196176 
199206 
201943 


190892 
193681 
196453 
199206 
24242 


193959 
196729 
199481 


202216 


1911711 


204119 
206826 


209515 
212187 


214844 


204391 
207096 
209783 
212454 


215109 


204003 
207365 


166 
168 


217484 
220108 
222716 


225309 
227887 


217747 
220369 
222976 
225568 
228142 


218010 
220631 

223236 
225826 
228400 


204934 
207634 


210051 | 210319 
212720 
215373 


212986 
215638 


218273 
220892 


226084 
228657 


223496 | 


170 


230449 
232996 
235528 
238046 
240549 


230704 
233250 
235781 
238297 
240799 


230959 
233504 
236033 
238548 
241048 


231215 
233757 
236285 
238799 
241297 


— 


175 
177 


179 


243038 
245513 
247973 
250420 
252853 


243280 


245759 
248219 
250664 


253096 


243534 
6006 


243534 
246252 
248709 
2511561 
253580 


180 


255273 


22507 
25791 

260309 
262688 
265054 


255990 
25039 

260787 
263162 


265525 


188 


2074 

269746 
272074 
274389 


276692 


267875 
270213 
272835 


274850 


277151 
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"763101 


166134 
169086 
172019 


174932 | 


103459 


166430 
169380 
172311 
175222 


"16478 
10375 


726 
169674 


172603 


175512 


| 


104055 
167022 
169968 
172895 
175802 


177825 
1 80699 


183555 
186391 


1389209 


178401 
181272 
184123 
186956 
189771 


178689 
181558 
184407 
187239 
190051 


192009 
194792 


197556 
200303 


192567 
195346 
198107 
200850 
2039/77 


192840 
195623 
198382 
201124 
203848 


| 295475 


208173 
210853 
213518 
216166 


204746 


208441 
211121 
213783 
216429 


214049 
216694 


200280 
208978 
211654 
214314 
216957 


200550 
9847 
211921 
£14379 


217221 


218798 
221414 
224015 
220599 
229169 


219000 
221675 
284274 
226858 
229420 


219323 
22193 

224533 
227115 


229682 


219585 
222196 


224791 


22737% 
229938 


229846 
222456 
225051 
227629 


230192 


231724 


1234264 


236789 
239299 
241795 


231979 
234517 
237041 
239549 
242044 


232234 
234770 
237292 
239799 
24229 


232488 
230.3 
237544 
240049 
242541 


232742 
235270 
237795 
299 
242789 


244277 
240745 
24919 

251638 
254004 


244525 


246991 


249443 
251881 


254306 


244772 


247237 


249687 
252125 


254548 


245019 
247482 


249932 
252368 


254789 


256718 


259116 
261501 


263873 


266232 


—— 


268578 


256958 


259355 


201739 
264109 


— 


268812 
271114 
273464 
275772 
278067 


260467 


257198 
259594 
261976 
264346 


266702 


269046 


271377 


273696 
276002 


| 


245206 
247728. 


250176 


252610 


— 


257438 
259833 
202214 
264582 


26093 . 


269279 
271609 
273927 
276232 
278525 


— 


278296 
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278754 


281033 
283301 


285557 
287802 


278982 
281261 
283527 
285782 
288026 


279211 
281488 


283753 
286007 


288249 


279439 
281714 


283979 


286232 
288473 


279667 
281942 | 


284205 


286456 


288696 


9893 
292256 


294466 
296665 


298853 


290257 
292478 
294687 
296884 


22 


290479 


292099 
294907 
297104 
299289 


290702 
292920 
295127 
297323 


290945. 
293141 


295347 
297542 


299507 
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301029 
303190 
305351 
307496 
309930 
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301247 
303412 
305566 
307709 
309843 


— 


301464 
303628 
305781 
307924 
310056 


301681 
303844. 


305990 


308137 


310268 


301898 
304059 
306211 
308381 
310481 


313754 
313807 
315970 
318063 
320146 


311966 


314078 


316180 
318272 
320354 


312177 
314289 
316389 
318481 
320562 


| 


312389 


314499 
319599 
318689 


320769 


312600 


| 314709 
31680g 


318898 
| 320977. 


322219 
324282 
326336 
328379 
330414 


322426 
324488 
326541 
328583 
330617 


322633 
324694 
326745 
328787 
330819 


322839 
324899 
320949 
328991 


331022 


323040 
32310 
327155 
3297977 
935223 


332438 
334454 
339459 
338456 
340444 


0 


332040 
334055 


336659 


338656 
340042 


332842 
334856 
330859 
338856 
340841 


333044 
335057 
337059 
339054 
341039 


333240 
335257 
337259 
339253 
341237 


342422 
344392 
346353 
348305 
350248 


342620 
344589 
346549 
348499 
350442 


342817 
344785 
340744 
348694 


350636 A 


352183 
354108 
356026 
357935 
359835 


352375 
354301 
350217 


358125 
360025 


— — 


352568 
354493 
356408 
358316 
36021 5 


343014 
344981 


349083 


343212 
345178 
347135 


351023 
354876 


301728 
363612 
365488 
367356 


369216 


361917 
363799 
365075 
367542 
369401 


362105 
363985 
365862 
307729 
309587 


| 


366236 
368101 


352954 
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4431 
286681 
288919 


282396 


284656 
286905 
289143 


as 


8 


1 


282622 
284882 
287129 
289366 


280578 


2808056 
283075 
285332 


287578 


289812 


291147 
293362 
295 567 
297761 
290943 


291369 
293584 
295787 
297979 
300161 


291591 
293804 
296007 
298198 
300378 


292034 
294246 


296446 


298034 


300813 


302114 


304275 
306425 
308504 


310693 


302331 
304491 
306639 
308778 
310906 


302547 
304706 
300854 
308991 
311118 


302979 


305 136 
307282 
309417 
311542 


312812 
314920 
31708 
319106 
321184 


313023 
315130 
317227 


313234 
315340 
317436 


— 


319522 | 


321598 


313650 
315760 


319938 
322012 


317854 | 


323252 
325310 
327359 
329398 
331427 


323665 
325721 
327707 
329805 
331832 


324077 
326131 
328176 
330211 
332236 


i. 


| 333447 


335458 
337459 
339451 
341435 


333850 
335859 
337859 
339849 
341830 


334951 
336059 
338058 


340047 
342028 


334253 
336259 
338257 
340246 
342225 


34340 
345373 
347330 
349278 
351216 


69 | 345766 


343802 


347720 
349666 


351603 


343999 
345902 
347915 
349860 
351796 


| 


34419 
340157 
348110 
350054 
351989 


353147 


355068 | 


356981 
1 


350783 


353339 
355200 
357172 
359076 
360972 


353532 
355452 
357303 


359266 
361161 


353724 
355643 
357554 


353910 
355834 
357744 
359640 
361539 


302671 
364551 


366423 
368287 


3628 59 


364739 
366609 


368473 


370143 


370328 


303424 
365301 


3690 30 


367169 


370882 
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371253 
373090 
374932 


| 379759 | 


378579 


d e e, 


371437 
373279 
375115 


22225 


3 
371622 


373404 
375298 
377124 


328943 


— 


| 


380392 


382197 | 
383995 


385785 


287868 


380573 
382377 
384174 
385964 
38774 


380754 
382557 
384353 
386142 
387923 


4 


371806 


373647 


375481 
377306 
379124 


— — Y — 


380934 


382737 
384533 
386321 
388101 


389343 


| 391112 


392873 
394627 


396324 


3895 20 
391288 | 
393048 
394802 
390548 


389098 


391464 
393224 | 


394977 


396722 


389875 


391641 
393399 
395152 


396896 


| 


397940 
399074 
401401 
403121 
404834 


— 


398114 
399847 
401573 
403292 
405005 


398287 
400019 
491745 | 
493404 | 
495176 | 


398401 
400192 
401917 
403635 
405 340 


3980 34 


400305 | 


402089 
403807 
495517 


400540 


408239 


409933 
411619 
413299 


400710 
408409 
410102 
411788 


413467 


406881 
408579 
410271 
411956 
1353 


407051 


408749 
410439 
412124 
413803 


407221 


408918 


410609 


412293 
413969 


414973 
416641 


| 418301 
419956 


421604 


415 140 


416807 


418467 


420121 
421768 


415307 
416973 
418633 
420286 


421933 


415474 
417139 
418798 


420451 


422097 


415041 
417306 
418964 
420616 
422261 


423246 


424882 
426511 
428135 
£29785 


423410 


425045 


420674 
428297 
429914 


423574 
425208 | 
426836 
408459 
432075 


423737 
425371 
420999 
428621 


439236 


453901 
425534 
427161 


428783 


439398] 


431304 
432969 
434569 
436163 
437751 


431525 
433129 
434729 
430322 
437999 


431085 
433289 
434888 
436481 
438067 


431846 
433449 
435048 
436639 
438226 


432007 
433609 


435207 
436799 


438384 


439333 
440909 


| 442479 


444245 


279 | 445604 


— 


439491 
441066 
442037 
444201 


439048 | 
441224 
442793 
444357 


445915 


439800 
441381 
442949 
444513 


439904 
441538 
443106 
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—— 


_— 


— 
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— 
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F 


* 


446071 
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277827 
373831 
375604 


377488 


379306 


372175 
374015 
375846 


377070 


379487 


372359 
374198 
370029 
377852 
379668 


| 
| 


372544 
374382 
376212 
378034 
379849 


372728 
374505 


370394 
378210 


380030 


381115 
382917 
384712 


386400 


388279 


381296 
333097 
28869. 
38 


6773 


388456 


381470, 


383277 
385069 
86856 
388034 


| 


; 


381656 


383456 


385249 
387034 
388811 


381837 


383636 


385428 
387212 


388989 


390051 


391817 


393575 


395320 


397271 


390228 
391993 
393751 


395501 
397245 


390405 
392169 
393926 
395676 
397419 


4 


390582 


392345 . 


394101 
395850 
397592 


390759 
392521 
394277 
396025 
397700 


398808 


4005 38 
402261 


403978 


405688 | 


398981 


400711 
402433 
404149 
405858 


399154 
400883 


402605 


404320 
406029 


399328 
401056 
402777 
404492 
406199 
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399501 
401228 
402949 
404603 
496309 


407391 


409087 


410777 
412461 


414137 


497501 | 
409257 


410946 
412629 


414305 


407731 
499420 
41111, 


| 41279 


414472 


407901 | 


409595 
411283 
412964 
414639 


408070 
409704 


411451. 


413132 
414806 


415808 
417477 
419129 
420781 
422426 


415974 
417638 
419295 
420945 
422589 


410141 
417804 
419460 
421110 


422754 


416308 
417969 
419625 
421275 
422918 


410474 
418135 
419791 


421430 


423082 


424065 
425097 
427324 


428944 
430559 


424228 
425860 
427486 
429106 
439719 


434392 
420023 
427048 
429208 
430881 


424555 ; 


426180 
427811 
429429 
431042 


| 


424718 


426340 


427973 


429591 
431203 


432167 
433769 
435366 
436957 
438542 


432328 
433929 
435520 
437116 
438701 


432488 
434089 
435685 
437275 
438859 


432049 


432809 


434499 
436004. 
437592 
439175 


440122 


441695 
443263 
444825 
446382 


440279 
441852 
443419 
444981 


446537 


440437 
442009 
443576 
445137 
446692 


| 440752 | 


442323 


| 443889 


445449 
447003 
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44715 

448706 
450249 
451786 
453318 


* — 


447313 
448861 


450403 


451940 
453471 


447468 
449015 
450557 
4.52093 
453024 


447023 


449169 | 


450711 
452246 
453777 


454845 
456366 


454997 
450518 
458033 
459543 
461048 


455149 


456669 
458184 


455302 
456821 


458330 


402548 | 4 


404042 
405532 
467016 
468495 


469969 
471438 
472903 
474302 
475816 


470116 


471585 
473049 
474508 


475902 _ 


470263 


471732 
473195 


— — 


470410 
471878 
473341 


474653 | 474799 


476107 | 4760252 


478566 
480007 
481443 


1482874 


477200 


478711 
480151 
481586 
483016 


477411 
478855 
480294 
481729 
483159 


477555 
478999 
480438 
481872 
483302 


477099 
479143 
480582 


482010 


453445 


454299 
485721 
487138 
488551 
489958 


454442 
485803 


| 487279 


488692 
492999 


484585 
486005 
487421 
488833 
490239 


484727 


486147 | 486289 | 


487563 
488974 


484869 


487704 
489114 
490520 


491362 
492760 
494155 
495544 
490929 


491502 
492900 


491042 
493039 
4944-33 
495822 
497 206 


491922 


493319 þ 


494711 


496099 | 
497483 
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| 593791 


498311 
499087 
501059 


49858 

409962 
501333 
502700 
504063 


505149 


| 506gog 


507856 
509203 


| 519545 


| 


505421 
506776 


585557 
506911 
508260 
509606 
510947 


498862 
500236 
501607 
502973 
504335 


— — 


505693 
507046 


508395 | 


509740 
511081 
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447932 
449478 
451018 


449633 
451172 
452706 
454235 


448088 


7 
445242 
449787 
451326 
452859 
454387 
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448397 
449941 
451479 
453012 
454539 


455758 
457270 
458789 
+ i 
401799 


455910 
457428 
458939 
460 


456062 


457579 
| 459091 
460597 
462098 


40329 


27 
40775 
469233 


64758 |. 
4662 


403594 
465085 
466571 
468052 
469527 


479557 
472025 
473487 
474944 
470397 


470704 
472171 
473633 
475089 
476542 


470998 
472404 
473925 
475381 
470832 


471145 
472610 
474071 
47552 

470970 


477844 
479287 
480725 
482159 


477989 


479431 
480869 


482302 
483729 


478278 
479719 
481156 
482588 
484015 


478422 
479863 
481299 
482731 
484157 


485153 
486572 
487986 
489396 
490801 


485437 
486855 
488269 
489677 
491081 


485579 
486997 
488409 
489818 
491222 


492201 
493597 


| 494989 


496376 


497759_ 


| 499137 
500511 
501880 
503246 
504607 


492481 
493876 
495 267 
496653 
_498035 


492621 


494015 
495400 
496791 
498173 


499412 
500785 
502154 
503518 
504878 


499549 
500922 


502291 


503655 
508014 


511215 


505904 
507316 
508664 


Jog 


511349 


506234 
507586 
508934 
510277 


506369 
507721 
509068 
510411 


. 
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512017 
513351 
514681 
516006 
517328 


512151 
513484 
514813 
516139 
17459 


1 
512284 


513617 | 


514946 
516271 


$17592 


518646 
519959 
521269 
522575 
523876 


518777 
520090 
521399 
522705 

524006 


518909 
520221 


522835 
524136 


521530 | 


525045 
520339 
| 527625 

546910 
530199 


525174 
526469 
527759 
529045 
530328 


535304 
526598 
527888 
52917 
53045 


525434 
520727 
528016 
529302 
530584 
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532754 
534026 
535294 
530558 


531607 
532882 
534153 
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536685 


531734. 
533009 
534280 
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536811 
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534407 
535074 
536937 
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539070 
540329 
541579 
542825 


537945 
539202 
540454 
541704 
542949 


538071 
539327 
540579 
541829 
543974 


538197 
539452 
540704. 
541953 
543199 


1 544008 


545307 
540543 
547775 
549003 


544192 
$4543! 
546666 
547898 
549126 


544316 
545555 
546789 
548021 
549249 


544440 
545678 
545913 
548144 
549371 


550228 


551449 
552668 


555994 


553883 | 


550351 
551572 
552789 

554004 
555215 


550473 
551694 
552911 
554126 
555336 


550595 
551816 
553033 
554247 
$55457 


550717 
551938 
553155 
554368 
555578 


556303 


550423 
557027 
558729 
560026 
561221 


556544 
557748 


550604 
557868 


559068 
560265 


561459 


556785 
557988 
559188 
560385 
561578 


562412 
563599 
564784 
565966 


567144 


502050 
563837 
565021 
566202 


1 57379 


| 563955 


502709 


565139 
566319 
567497 | 
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512551 
513883 


| 515211 


516635 
517855 


512684 
514016 


515344 
516667 


517987 


512818 
514149 
515476 
516799 
518119 


512951 
514282 
515609 
516932 


518251 


513084 
514415 
515741 
512004 
518382 


519171 
520484 
521792 
523096 | 
524396 


19303 
520815 
521922 
523226 
524526 


519434 
520745 
522053 


524656 


523356 


51956 

520876 
522183 
523486 | 
524785 _ 


519697 
521007 
522314 
523616 
524915 
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131 
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525693 


526985 


528274 
529559 
530839 


525822 
527114 
528402 
529687 
530968 


525951 
527243 
528531 
529815 

531090 


526081 
527372 
528659 
529943 
531223 


526210 
522501 
528788 
330072 
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532117 


533391 
534661 


535927 
537189 


532245 
533518 
534787 
530053 
537315 


532372 
533645 


536179 
537441 


534914 


532499 
533772 
535041 
536305 


3282 


532627 
533899 
535167 
536432 
537693 


128 
127 
127 
126 
126 


538448 


535973 
540955 


542203 


538574 
539829 
541079 


342327 


543447 ] 543571 


538699 
539954 
541205 
542452 
543696 


538825 
540079 
541329 
542576 
543819 


538951 
540204 


541454 | 125 


542701 
543944 
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544688 
545925 | 
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548389 
549616 


544812 
546049 
547282 
548512 
$49739 


544935 
540172 
547405 
548035 
549801 


545059 
540296 
547529 
548758 
$49984 
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545183 
546419 
547052 | 
548881 
550106 


124 


124 
123 


123 
123 


550839 
552059 
553270 
554489 
555099 


550902 
552181 
553398 
554610 
555819 


551084 
552303 
553519 
554731 
$55940 


551206 


552425 
553040 
554852 


556051 


551328 


552547 


553702 
554973 
556182 
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121 
121 


556905 


558108 


559308 
509504 
561698 
562887 
564074 
565257 
566437 


[587014 


557026 
558228 


559428 
560624 


| 561817 


557146 


558349 


559548 
560743 
561936 


557267 
558469 
559667 | 
550863 
56205 5 


558589 


557387 


559787 
560982 
562174 


120 
120 
120 
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5630060 
564192 


565376 
566555 


567732 


503125 
504311 
565494 
566073 
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563244 
564429 


565612 
| 366791 


507907, 


503302 
564548 
565729 
566909 
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"568202 


569374 
| 570543 
571709 
572872 


558319 
569491 
570659 
571825 
572988 


5685 54 
569725 
570893 
57205 

573219 


568671 
569842 
571009 


572174 
$73336 | 


574031 
575188 
576341 
577492 
228639 


574147 
575303 
576457 
577607 
78754 


574379 
Jod 
577830 

78983 


574494 


575549 
578882 


57795¹ 
2227 
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582863 
583199 
584331 


579898 | 
581039 
582177 


580241 
581381 
582518 
583 * 
884282 


585461 
| 386587 
587711 
588832 
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555912 


587037 
588159 
589279 
$90390 


591065 


592177 


| 593286 | 


591509 


| 592621 


$93729 


| 594534 
1 595937 
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581836 | 581949 
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585235 | 585348 
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588608 | 588 i9 | 
589720 5 
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g1621 | 591732 591955 | 59200 
592732 92843 593064 | 593175 
593339 | 593959 594171 | 594282 
| 594945 | 595955 595276 | 595386 
596047 | 590157 1. 590377 | 590487 
597149 | 597250 597470 597580 
598243 | 598353 598572 | 598081 
599337 | 59944® 599665 | 599774 
600428 | 600537 600755 | 600864 
601517 | 601625 601843 | 601951 
602603 | 602711 602928 | 603030 
603686 | 603794 604009 | 604118 
604766 | 004874 605089 | 605197 
605844 605951 606166 | 606274 
606919 607026 607241 | 607348 
607991 558098 508312608419 
| 609061 | 609167 609381 | 609488 
610128 | 610234 | 610341 | 610447 610554 | 
611192 | 611298 611511 | 611017 
612254 | 612359 612572 | 612678 
613313 613419 613030 | 013730 
614369 | 614475 614686 | 614792 
61542 615529 615739 | 615845 
61647 Ph 616790 | 616895 
617525 } 617629 617839 | 617943 | 
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618048 


619093 
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621176 
622214 


618153 
619198 
620240 
621280 
622318 
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778277 


619302 
620344 
621384 
622421 


618362 
619406 
620448 
621488 
622525 
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6184 

619511 
620552 
621592 
622028 


023249 
624282 
625312 
626340 
627366 


023353 
624385 
625415 
620443 
627468 


623450 
624488 


625518 
626546 


627571 
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023559 
624591 


625621 


626648 
027073 
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623003 
624695 
625724 
626751 
027775 
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629409 
630428 


031444 


632457 | 


628491 


629512 
630529 


631545 


| 632559 


628593 
629613 
630631 
631647 


632659 


628695 
62971 5 


630733 
631748 


628797 


629817 


630835 


631849 | 


632862 


633468 


634477 
635484 
630488 
637489 


633509 
634578 
935584 
630588 
637589 


633670 | 


034079 
35685 
636688 
637689 
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633872 


634880 


635886 


636889 


637889 


638489 
639486 
640481 
641475 
642455 


638589 
639586 
640581 
641573 
642563 
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638689 
639686 
640680 
641672 
642662 
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6538888 


63988 
640879 
641871 


642860 | 


043453 
644439 
045422 
646404 
647383 


643551 


644537 
645521 
646502 


647481 


643650 


644636 
645619 
646599 
647579 


643847 


644832 


645815 
646796 
647774 
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6048300 
649335 
650308 
651278 
652246 


648458 
649432 


| 650405 


651375 
052343 


048555 
649529 
650502 
651473 
652439 
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6487 50 
64972 

658598 
651666 
652633 


053213 
054177 
655138 
656098 
657050 


053405 
654369 
655331 
656289 


6522475 


653598 
654562 


655523 
656482 


657438 


658011 
658955 


659916 
660865 


661813 


658202 


65915 
688768 
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662002 


658393 
659340 
660296 
661245 
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| 619615 


| 631951 


649821 
| 053095 
654658 
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620656 
621695 
622732 


. 


622835 


618670 | 


619719 
620760 


621799 
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o | 618884 | 

619928 
620968 
2622007 
623042 


623766 
624798 
625827 
626853 
627878 


623869 
624901 


625929 


626956 
627979 


628082 


624076 
625 107 
626135 
627161 
628185 


628899 
629919 
630936 


632963 


629002 
630021 
931038 
32052 
633004 


"629104 


4 


630123 
631139 
632153 
633165 


629200 


630224 | 


631241 


632235. 
633266 


033973 
34981 
635986 
630989 
037989 


634075 
635081 
636087 
637089 
638089 


034075 
635182 
635187 
637189 
638189 


634276 
635283 
636288 
637289 
638289 
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638988 
639984 
640978 
641969 
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640183 
641177 
642168 
643156 


639287 
640283 
641276 
642267 
043255 


242952 
4394 

644931 
645913 
646894 
647872 


69 | 648067 


044143 
645127 
646109 
647089 


644242 


645226 
646208 


647187 


648165 | C 
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648848 


650793 
651762 


65272 


649140 


650113 
651084 
652053 
653019 


655619 
656577 
057534 
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| 554940 


653984 


655906 
656864 
657820 


65 84.88 


660391 


661339 


662286 


[658774 | 6 


659726 
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661623 


662569 
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[676876 
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863324 883418563512 663502 [94 
2664266664359 664454 664548 || 94 
* [| 665206 | 665299 | 665393 | 665487 || 94 
666143 | 660237 | 1 666424 94 
980 1667079 |, 667173 | 667266 | 607359 1,94 
g | 66801 3; | 668106 | 668199 668293 93 
852: |, 668945: || 669038 | 669131 || 669224 || 93 
669875669957 | 670060; [| 670153 93 
|| 670802: | 670895 | 670988 | 671080 | 93 
671728671821 671913 | 672005 | 93 
672652 072744 | 072836 | 72929 92 
673574 | 673660 | 673758 | 673849 j. 92 
674494 | 074580 | 674677 | 674709 | 92 
675412'| 675503 | 675595 | 675087 | 92 
676328676419 | 676511 [ 676602'| 92 
077242 | 077333 | 077424 | 077510 | 91 
678154 | 678245678335 | 078427 | 91 
679064 | 679155 | 679246 | 679337 | 91 
9972 | 680063: | 680154 | 68024591 
680879"] 680969 | 681060 | 681151 | g1 
081784 | 681874 | 681964 682055 90 
6826856 682777 | 682867 | 682957 90 
683587 | 683677 | 683767 | 683857 | go 
684486] 684576 | 684666 | 684756 90 
685383 | 685473 | 085563 | 685652 | oo. 
686279 585358 686458 | 686547 85 
687172 | 687261 687350 687439 | 89 
| 688064 | 688153 | 688242 | 688331 | 89 
688953 | 689042 | 689131 | 689220 | 89 
689841-| 689930-| 690019 f 690107 | 8g 
' 690728 | 090816 | 690905 | 690993 | 89 
' 691612 | 691700 | 691789 | 691877 |. 88 
\ 692494 | 092583 | 692671 | 692759 88 
693375593463 693551 | 693639 | 88 
— 54 9 555585 2 9 
131 | 095219 307 394] 8 
— 696094 698782 638280 87 
696880 | 696968 697055 | 697142 87 
697752 | 697839 | 697926 | 698014 | 87 
698622 698709 | 698796 | 698883 | 82 
59496599578 0996044 099751 | -87 
700358 | 700444 | 700531 | 700617 | 87 
| 701222 | 701309 | 701395 | 701482 | 86 
702086 | 702172 | 702258 | 702344 | 86 
702947 | 703033 | 703119 | 703205 86 
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703291 


703377 
704236 
705094 
705949 

_ 700803 


703403 
704322 


705179 


70603 
70688 


7035 
70440 
705265 
706 120 
700974 


70705 
2 
709355 
710202 


2108 


707749 
708591 
709439 
710287 


711132 


707826 
708676 
709524 
710371 
711217 


| 711892 


712734 
713575 
714413 
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6003 | 716087 | 


716921 
717754 

718585 

719414 


711976 


712818 
713659 
714497 
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I 


712000 
712902 


713742 | 


714581 


7215418 


716175 
717004 


717837 
718668 


719497 


— 


716254 


717088 
717920 


| 718751 
2222 


720159 
720986 
721811 
722634 
723456 


720242 
721068 


720325 


721151 


721975 
722798 
223519 


720407 
721233 
722058 
722881 


£23702 


| 726727 


724276 
725095 
725912 


727541 


724439 


6 f 725258 


726075 
726890 


22211. 


724522 
725339 
726156 
726972 
727785 


729105 
729974 
730782 
731589 


728354 | 


728516 
729327 


730136 


730944 
731749 


728597 
729408 
730217 
731024 
731330 


| 737394 
733197 
733999 
734799 
735599 


732474 
733278 
734079 
734879 
735079 


732555 
733358 
734159 
734959 
735759 


732035 


733438 


734239 
735039 
735838 


* 9 „„ 


1 
. 


| 737987 


739397 
737192 


738781 


730470 
737272 
738067 


7388 59 


739572 


_739651 


730550 
737352 
738146 
738939 
739731 
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730035 
737431 
738225 


739018 | 


739809 
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703721 | 703807 | 703893 | 703979 | 7040b5 | t> 
794579 | 704665 | 704751 | 704837 | 704922 | 55 

705436 | 705522 | 705607 | 705693 | 705778 | 86 

706291 | 706376 | 706462 | 700547 | 706632 | 85 

707144 | 707229 | 707315 | 707399 | 707485 | 85 
707996 | 708081 | 708166 | 708251 | 708330 85 

708846 | 708931 | 709015 709100 709185 85 
709694 | 709779 | 709863 | 709948 | 710033 | 5y 

710540 | 710625 | 710709 | 710794 | 710879 | 85 
711385 | 711469 | 711554 | 711639 | 711723 | 84] 

712229 | 712313 | 712397 | 712481 | 712566 | 84 

713070 | 713154 | 713238 | 713323 | 713407 | 84 
713910 | 713994 | 714078 | 714162 | 714246 | 84 

714749 | 714833 | 714916 | 714999 | 715084 | 84 

715586 | 715669 | 715753 |_715830 | 715919 | 84 
716421 | 716504 | 716588 | 716671 | 716754 | 83 
717254 | 717338 | 717421 | 717504 | 717587 | 83 
718086 | 718169 | 718253 718336 | 718419 | 83 
718917 | 718999 | 719083 | 719165 | 719248 | 83 
719745 | 719828 | 719911 | 719994 | 720077 | 83 
720573 | 720655 | 720738 | 720821 | 720903 | 83 
721398 | 721481 | 721563 | 721646 | 721728 | 82 
722222 | 722305 | 722387 | 722469 | 722552 82 

723045 | 723127 | 723209 | 723291 | 723374 | 82 
7238066 | 723948 | 724029 | 724112 | 724194 | 82 
724685 | 724707 | 724849 | 724931 | 725013 | 82 
725503 | 725585 | 725667 | 725748 | 725829 82 
726319 | 726401 | 726483 | 726564 | 726646 | 82 
727134 | 727216 | 727297 | 727379 | 727459 | $1 
727948 | 728029 | 728110 | 728191 | 728273 | 81 
728759 | 728841 | 728922 | 729003 | 729084 | 81 
729569 | 729651 | 729732 | 729813 | 729893 | 81 
730378 | 730459 | 730540 | 730621 | 730701 | 81 
| 731186 | 731266 | 731347 | 731428 | 731508 | 81 
731991 | 732072 | 732152 | 732233 | 732313 | 81 
732796 | 732876 | 732956 | 733037 | 733117 | 80 
733598 | 733679 | 733759 | 738839 | 733919 | 80 
734399 | 734479 | 734559 | 734639 | 734719 | 80 
735199 1735279 | 735359 735439 | 735519 | 80 
735998 | 736078 | 736157 | 736237 | 736317 | 80 

| 735795 | 730874 | 730954 737034 | 737113 80 

737590 | 737669 | 737749 | 737829 | 737908 79 

733384 | 738463 | 738543 | 738622 | 738701 | 79 

739177 | 739256 | 739335 739414 739493 | 79 
| 739968 | 749047 | 749126 | 740205 | 749284 | 79 
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740363 
741152 
741939 
742725 
743509 


740442 
741230 
742018 
742803 
743588 


740521 
741309 
742090 
742882 
743607 


740599 | 740678 
741388 | 741467 
742254} 


742175 
742961 
24224 


743039 
743823 


| 744293 
745075 
745855 
746634 
747412 


744371 
745153 
745933 
746712 
747489 


744449 
745231 
746011 
746789 
747567 


744528 


744606 


745387 
748955 
745945 
747722 


748188 
748963 
749736 
750508 


748266 


749040 
749814 
750580 
751356 


748343 
749118 
749891 
750663 
731433 


752125 
752893 
753659 
754425 
755189 


752202 | 
752969 
753730 
754501 
755265 


748498 
749272 
750045 


«750817] 


751587 
752350 
753123 
753889 
754054 
755417 


75 
757396 
758155 
| 758912 


| | 


755951 
750712 
757472 
758230 
758988 


756027 
756788 


756179 
756940 


759743 
700498 


| 764326. 


705072 
765818 
766562 


-— 


768638 
769377 
220115 
770852 
771587 
772322 
773055 


56875 
769451 
Tony, 
2 
750855 
772395 
773128 


773786 


773859 


767304 
768046 
768786 
769525 
_ 770203, 
770999 
771734 
772468 
773201 
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749757 | 749836 | 740915 749474173] 79 
741546 | 741624 | 741703 | 741782 | 741860] 79 
742332 | 742411 | 742489 | 742568 | 742647. | 79 
743118 | 743196 | 743275 | 743353 | 74343! | 78 
743902 | 743979 | 744058 | 744136 þ 744215 t_7*| 
744084 | 744702 | 744840 | 744919 | 744997 | 75 
745465 | 745543 | 745621 | 745699 | 745777 | 78 
746245 | 746323 | 746401 | 746479 | 746556 | 78 
747023 | 747107 | 747179 | 747256 | 747334| 78 
747800 | 747878 | 747955 | 748033 | 748110 | 78 
748570 | 748653 | 748731 | 748808 | 748885 | 77 
749349 | 749427 | 749594 | 749582 | 749659 77 
750123 | 750199 | 750277 | 750354 | 750431 | 77 
750894 | 750971 | 751048 | 751125 | 751202 77 
751664 | 751741 | 751818 | 751895 | 751972 þÞ 77 
752433 | 752509 | 752586 | 752063 | 752739 | 77 
753199 | 753277 | 753353 | 753429 | 753506 | 77 
733966 | 754042 | 754119 | 754195 | 754272 | 77 
754730 | 754807 | 754883 | 754959 | 755036 | 76; 
755494 | 755569 | 755646 | 755722 | 755799 | 76 
750256 | 750332 | 750408 | 750484 | 750560 | 76 
757016 | 757092 | 757168 | 757244 | 757320 | 76 
757775 | 757851 | 757927 | 758003 | 758079 | 76 
758533 | 758609 | 758685 | 758761 | 758836 | 76 
759290 | 759366 | 759441 | 759517 |} 759592 | 76 
760045 | 76or2r | 760196 | 760272 | 760347 | 75 
760799 | 760875 | 760949 | 761025 | 761101 [ 75 
761552 | 761627 | 761702 | 761778 | 761853 | 75 
762303 | 762378 | 762453 | 762529 | 762604 75 
763953 | 763128 | 763203 | 763279 | 763353 | 75 
703802 | 703877 | 703952 | 764027 | 704101 | 75 
764549 | 764624 | 764699 | 764774 | 764848 75 
765296 | 765370 | 75445 | 765519 | 765594 | 75 
6604r | 766115 | 766189 | 766264 | 766338 74] 
| 766785 | 766859 | 766933 | 767007 | 767082 } 24 
707527 | 767601 | 707675 | 767749 | 707823 | 74 
768268 | 768342 | 768416 | 768490 | 768564 | 74 
769008 | 769082 | 769156 | 769229 | 769303 | 74 
769746 | 769820 | 769894 | 769968 | 770042 | 74 
129484 | 779557 | 779631 | 770705 | 770778 | 74 
771219 | 771293 | 771307 | 771440 | 771514 | 74 
771955 | 772028 | 772102 | 772175 | 772248 | 73 
772088 | 772762 | 772835 | 772908 | 772981 | 73 
773421 | 773494 | 773567 | 773040 | 773713] 73 
774152 | 774225 | 774298 | 774371 | 774444} 731 


The Table of Logarithms. 


O 


1 


2 


774517 
775246 
775974 
776701 


1 777427 


774589 
775319 
770047 
776774 
777499 


| 774663 | 
775392 
770119 
776846 
777572 


FH 
774730 
775405 
770193 
776919 
777044 


778151 
778874 


779596 
780317 
781037 


778224 
778947 
| 779669 


780389 


| 781109 


781755 


782473 
783189 
783904 
784617 


781827 
1782544 
| 783260 
783975 
784689 


778290 
779019 
17974! 
780461 
781181 


| 


778308 
779091 
779813 
780533 
781253 


781899 
782616 
783332 
784046 
784759 


781971 
782688 


783403 
784118 


784831 


. 
— — 


785329 
786041 
786751 
787460 
788164 


785401 
7861 
786822 
787531 
788239 


785472 
786183 


786893 
787602 


_788309 


785543 
786254 


787673 
788381 


786964 


788875 
789581 
790285 
790988 
791091 


788946 
| 789051 
790356 
| 791059 
| 791701 


789016 
789722 
790426 
791129 
791531 


— 


792392 
793092 
793791 


794488 


795185 


792402 
793102 
| 793860 
| 794558 
795254 


792532 
793231 
793930 
794627 
795324 


789792 
790496 
791199 
225885 
| 792002 
| 793301 
793999 


794097 
795393 


789087 | 


795380 
796574 
797208 
797959 
798651 


795949 
796644 
797337 
798029 
79871 


796019 
796713 
797 406 
798098 
798789 


* 


796088 
796782 
797475 
798167 
798858 


799341 
800029 


800717 
801404 


802089 


799409 
800098 


800786 


801472 
802158 


799478 
800167 


800854 
801541 
802226 


799547 
800236 


800923 
801609 
802295 


802774 
803457 
804139 


804821 


802842 
803525 
804208 
804889 


802910 


803594 
804276 


804957 


802979 
803662 


804344 
805025 


805037 


805705 


805 501 


| 805569 


4 


” ä * * —_ — : 


ö 


8 


The Table 7 Logarithms. 


5 M "= s. LS 
774882 | 774955 | 775028 | 775100 | 775173 
775610 | 775683 | 775756 | 775829 | 775902 | 
770338 | 770411 | 770483 | 770550 | 770029 | 
777064 | 777137 | 777209 | 777282 | 777354 | 73. 
777789 | 777802 | 777934 | 778006 | 778079 |. 72 
778513 | 778585 | 778058 | 778729 | 7788 72 
779236 | 779308. 779380 | 779452 | 779524 | 72 
779957 | 780029 | 780101 | 780173 | 780245 | 72 
780677 | 780749 | 780821 | 780893 | 780965 | 72 

| 781396 | 781468 | 781539 781612 781684] 72 
782114 | 782186 [782258782329 782401] 72 
782831 | 782902 | 782974 | 783046 | 783117 | 72 
783546 | 783618 | 783689 | 783761 | 783832 | 71 
784261 | 784332 | 784403 | 784475 | 784546 | 71: 
784974 | 785045 | 785116 |,785187 | 785259] 71: 
785080 | 785757 | 785828 785899 785970 | 71 
786396 | 786467 J 786538 | 780609 | 786680 | 71 
787106 | 787177 | 787248 | 787319 | 787389 | 71 
787815 | 787885 | 787956 | 788027 | 788098 | 71. 
788522 | 788593 | 788663 [788734 | 788804 | 71 
789228 | 789299 | 789309 | 789439 | 789510 | 71 

| 789933 | 790004 | 790074 | 790144 | 790215 | 70 
790637 | 799707 | 790778 | 790848 | 790918 | 70 
791339 | 791409 | 791480 | 791550 | 791620 | 70 
792041 | 792111 | 792181 | 792252 | 792322 | 70 
792742 | 792812 | 792882 | 792952 | 793022 | 70 
793441 | 793511 | 793581 | 793051 | 793721 70 
794139 | 794209 | 794279 | 794349 | 794418] 70 
794836 | 794909 | 794976 | 795945 | 795115 | 70 
795532 | 795602 | 795672 | 795741 | 795810 | 70 
796227 | 795297 | 796366 | 796436 | 796505 | 6g 
796921 | 796990 | 797059 | 797129 | 797198 69 
797614 | 797683 | 797752 | 797821 | 797890 69 
798305 | 798374 | 798443 | 798513 | 798582 | 69 
798996 | 799055 | 799134 | 799203 | 799272 |- 69 
799085 | 799754 | 799823 | 799892 | 799901 69 
800373 | 809442 | 800511 | 800579 | 800648 | 69 
801061 | 801129 | $01198 | 801266 | 801335 | G9 
801747 | 801815 | 801884 | 801952 | 802021 | 69 

| 802432 | 802500 | 802568 | 802637 | 802705 | 68 
803116 | 803184 | 803252 | 803321 | 8033589 | 08 
803798 | 803867 | 803935 | 804003 | 804071 | 68 
804480 | 804548 | $04616 | 804685 | 804753 | 68 
805161 | 805229 | 805297 | 805365 | 805433 | 68 
805841 | 805908 | 805976 | 806044 | 806112 | 68 


EIS 


— 


LD 21 


The Table of Logarithms. 7 


„ 


1 EY 

40 577 &c6316 | Bo6384 | 806451 | 
641 | 8068 ; 4 | 807061 | 807129 
1642 807535 70 | 807738 | 807806 
1643 | 808211 808414 | 808481 
644 | $08886 

184 
645 — 
647 810904 811106811173 
1648811575 811776 | 811843 
| 549 | 812245 812445812512 
1650812913 813114813181 
| 651 | 813581 813781 | 813848 
| 652 | 814248 814447814514 
1653814913 815113 | 815179 
654 | $15578 815777 | 815843 
655 | 816241 816440 | $16506| 
| 656 | 816904 817102817169 
657 | 817565 817764 | 817829 
658 | 818226 818424 | 818489 
659 | $1888; 819083 | 819149 
660 | 819543 819741 | 819807 
961 | 820201 820399 | 820464 
662 | 820858 821055 [821120 
663 | 821514 821709 | 821775 
664 | 822168 822364 822429 
665 | 822822 

666 | 823474 

667 | 824126 

668 | 824776 

669 | 825426 

670 | 826075 

671 | 826723 

672 | 827369 

673 | 828015 

674 | 828659 

075 | 82930 

676 329947 

677 | 830589 

678 | 831229 

679 | 831869 

680 | 832509 

681 | 833147 

682 | 833784 

683 | 834421 

584 [ 835956 


— 


8 


L 


* 


* 


— 


FI 


BY 1 81 2 D 
866579 | BobgB7 | 8865 72755790 
807197 | 807264 | 807332 | 807399 | 807467 | 68 
807873 | 803941 | 808008 | 808076 | 808143 | 68 
808549 | 808616 | 808684 | 808751 | 808818 | 67 
809223 | 809290 | 809358 | 809425 | 809492 | 67 
809896 | 809964 | 810031 | 810098 810165 67 
810569 | $10636 | 810703 | 810770 | 810837 | 67 
811239 | 811307 | $11374 | 811441 | $11508 | 67 
811909 811977 | 812044 | 812111812178 67 
812579 | 812646 |'812713 | $12779 | 812847 | 67 

| 813247 | $13314 | 813381 | 813448 | 813514 | 07 
813914 | 813981 | 814048 | 814114 | 814181 | 67 
814581 | 814647 | $14714 814780 | 814847 | 67 
815246 | 815312 | 815378 | 815445 | 815511 | 66 
815909 | 815976 | 816042 | 816109 | 816175 | 66 
810573 | 816039 | 816705 810771 | 816838 | 66 

| 817235 | 817301 | 817367 | 817433 | 817499 | 66 
$17896 | 817962 | 818028 | 818094 | 818159 | 66 
818556 | 818622 | 818688 | 818754 | 818819 | 66 
819215819281 | 819346 | 819412 | 819478 | 66 
819873 | 819939 | 820004 | 820070 | 58201360 | 66 
820529 | 820595 | 820661 | 820727 | 820792 | 66 
$21186 | 821251 | 821317 | 821382 | 821448 | 66 
821841 | 821906 | 821972 | 822037 | 822103 | 65 
$22495 | 822560 | 822626 | 822691 | 822756 | 65 
823148 | 823213 | 823279 | 823344 | 823499 65 
$23800 | $23865 | 823930 | 823996 | 824061 | 65 
$24451 | 824516 824581 | 824646 | 824711 | 65 
825101 | 825166 | 825231 | 825296 | 825361 | 65 
825751 | 825815 | 825880 | 825945 | 826009 65 
826399 | 826464 | 820528 | 826593 | 826658 | 65 
827046 | 827111 | 827175 | 827239 | 827305 | 65 
827692 | 827757 | 827822 | 827886 | 827951 | 65 
$28338 | 828402 828467 | 828531 | 828595 64 
828982 | 829046 | 829111 | 829175 | 829239 | 64 
829025 | 829089 | $29754 | 829818 | 829882 | 64 
830268 | 830332 | 830396 | 830460 | 830525 | 64 
830909 | 830973 | 831037 831102 | 831166 | 64 
831549 | 831614 | 831678 | 831742 | 831806 | 64 
832189 | 832253 | 832317 | 832381 | 832445 } 64 
83282 32892 | 832956 | 833019 | 833083 | 64 
833406 | 833529 | 833593 | 833657 | 833721 | 64 

| $34203 | 834166 | 834229 | 834294 | 834357 | 64 
834739 | 834802 | 834866 } 834929 | 834993 | 64 
3353731835437 | $35500 | 835564 | 835627 | 63 | 


"The T able 


of Logarithms, 4 4 


| 2 


3 


687 | 


835091 
830324 


835754 
836387 


836957 
837588 
838219 


837019 
837652 
838282 


835817 
830451 
837083 
837715 
838345 


835881 
836514 
837146 
837777 
838408 


838849 
839478 
840106 
8407 33 
841359 


838912 
839541 
840169 
840796 
841423 


838975 
839604 
840232 
840859 
841485 


839038 
839667 
840294 
840921 


841547 | 


| $41985 
842609 


843233 
844477 


843855 


842047 


842109 
842734 
843357 


843979 


844601 


842172 
842796 
843419 
844042 
844664 


845098 
845718 
846337 
846955 
847573 


845222 
845842 
846461 
847079 
847696 


845284 
845904 
846523 


847141 


847758 


848189 
848805 
319479 

293 
850646 


848312 
848928 
849542 
850156 
850769 


848374 
848989 
849604 


850217 | 


850829 


851258 
851869 
252479 
530 
353608 


851381 
851992 
852602 
853211 


853819 


851442 
852053 
852663 
853272 
853881 


854300 
854913 
855519 
856124 
856729 


854428 
855934 
85 5640 
856245 
850849 


854488 


855095 | 


855701 
856306 
856910 


857332 
857935 
858537 
859138 
3860338 
860937 
861534 
862131 


859739 | 85c 


862728 | 


857453 
858056 
858657 
859258 


859859 


860458 
861056 
861654 
862251 


862847 


— 


862906 


857513 
858116 
858718 
859318 
859918 
860518 
861116 
861714 
862310 


—_ 


The Table of Logarithms. 


by FN ö 14 
| 836071 | 836134 | 836197 | 836261 | 63 
| 836704 | 836767 836830 836894 | 63 

837330 | 837399 | 37462 | 837525 | 03 
837967 | 838030 | 838093 | 838156 | 63 
823597 1 3350601 832725 | 2307001 05.4 
839227 | 839289 | 839352 | 839415 | 63 
839855 | 839918 | 839981 } 840043 | 63 
840482 | 840545 | 840608 | 840671 | 63 
841109 | 841172 | 841234. | 841297 63 
841735 | 841797 | 841859 | 841922 | 63 
842359 | 842422 | 842484 | 842547 | 62 
842983 | 843046 | $43108 | 843170 | 62 
843606 | 843669 f 843731 | 843793 | 62 
| 844229 | 844291 | 844353 | 844415 | 62 
844849 | 844912 | 844974 | 845030 | _ 62 
845470 | 845532 | 845594 | 845656 | 62 
846089 | 846151 | 846213 | 846275 | 62 
846708 | 846769 | 846832 | 846894 | 62 
| 847326 | 847388 | 847449 | 847511 | 62 
847943 | 848004 | 848067 | 848128 | 62 
848559 | 848620 | 848682 | 848743 62 
849174 | 849235 | 849297 | 849358 | ©61 
849788 | 849849 | 849911 | 849972 | 61 
850401 | 850462 | 850524. | 850585 | 61 
851014 | 851075 | 351130 | 851197 | 61 
85 1625 851686 | 851747 | 851809 | 61 
852230 | 852297 | 852358 | 852419 | 61 
852846 852907 | 852968 | 853029 | 61 
853455 | 853516 | 853577 | 853637 | 61 
854003 | 854124 | 854185 | 854245 | 61 
854070 | 854731 | 834792 | 854852 | ©1 
855277 | 855337 | 855398 | 855459 | 61 
855882 | 855943 | 856003 | 856064 | 61 
856487 | 856548 | 856608 | 856668 | 60 
857091 | 857152 | 857212 | 857272 | 60 
857094 | 857755 | 857815 | 857875 | bo 
858297 | 858357 | 858417 | 858477 | 60 
858898 | 858958 | 859018 | 859078 | 60 
859499 | 859559 | 859619 | 859679 | 60 
860098 | 860158 | 860218 | 860278 | 60 
860697 | 860757 | 860817 | 860877 | 60 
861295 | 861355 | 861415 | 861475 | 60 
861893 | 861952 | 862012 | 862072 | 60 
862389 | 862549 | 862608 | 862668 | 60 
863085 |} 863144 | 863204 | 863263 | 60 


ee 


863917 
864511 
865104 
865696 | 


The Table of Lars © 


800287 
866878 
807467 | 
868056 
868643 


89232 
869818 
870404 
870989 
71573] 


872150 
872749 


873902 


873321 | 8 
574482 | 8 


875061 


875039 
876218 


» 2 


The Table if Logarithms. 


ttc .MHw.T 2. o 


F 
"IM | : 
863620 | 863679 863739 3602 Al 7 
864214 864274 $04333 38% | a6 (99 
864808 | 864867 | 86492 86575 80% 1-29 
E 868119 86616 866228 59 
865992 | 866051 80 11 8 366519 55 
866583 | 866642 | 806701 — 759 I 
865173 | 867232 | 857291 ALD 67499 5 
868980 | $6040, 6888 363327 858586 | 59 
388556 368995 — — 869173 59 
86893 8255 35975 867% 50 
ee e e 

5 o 
e 
871281 | 871 2s 
371865 871923871981 725822 — — 
872448 | 872506 872504 87 = TL 5; 
873029 | 873088 | $7314 5757 81 
873611 | 873669 | 873727 7765 +4 
2 5 921370 224855 874945 | 875003 5 
874772 | 874829 ED 
873351 | 875409 | 875400 27810 9818 38 
178855 76865 176621 876679 870737 | 3 

; 6 I | 
377085 877141 | 877199 223 377880 58 
e 57560 878407 | 878404] 57 
878234878292 349 A 
878808 878866 | 878924. 25555 12 
879382 | 879439 | £79497 2427 888765 27 
1822 28535 . 880699 | 880756 | 57 
11 81328 57 
881099 | 881156 | 881213 edt wt} | 57 
881669 | $81727 | 881784 4 41 82436 27 | 
882239 882297 | 882354 —f— 883677 57 
927222 2 92225 3835.48 883605 | 57h 
883377 | 9934 I 
883945 884002 884059 28785 ++, Lin 37 
27876 8571 885 . 885248885305] 57] 
885078885135 88555 85513 38786 55 
1 888265 21722 8870 886434 25 | 
985755 886941 | 886998 | 5 
886773 | 886829 | 886885 1 7 rh 5 
5257375 888811 888067 | 888123] 56 
868485 889578 28857 888629 | 888685 | 56 
388450 888516 | 888573 i 4 56 
889021 | 88907 889134 889189 


— —— 


e 2 "Mi 3 


The Table of Leb 
on 


775 | 88930z | 889358 | 889414 | 889469 | 


770 | 889862 | 889918 | 889974 | 890029 

| 390421 | 890477 | 890533 | 89589 
778 | 890979 | 891035 | 891091 | 891147 
779.1 891537 | 891593 | 891649 | 891705 © 


780 | 892095 | 892150 | 892206 | 892262 
781 | 892651 | 892707 | 892762 | 892818 
782 | 893207 | 893262 | 893318 093378 
783 | 893762 | 893817 | 893873 | 89392 


754 1 394310 1 394371 | 204427 1294402 1. 
785 


894869 894925 | 894980 | 895036 
780 | 895423 | 895478 | 895533 | 895588 
787 595975 896029 2 
896581 | 89663 
789 | 897977 | 897132 | 897187 | 897242 


— 


5184911158 | g11211 | 911263911317 
816 | 911690 | 911743 | 911797 | 911849 
817 | 9122224 912275 | 912323 | 912381 


1 818 | 912753 | 912806912859 912913 


S19 1 913284 | 913337 | 913389 | 913443 


911371 

44494, 
3 

912986 


— 
— 


* 


— 
# 


* 


„ 


913496 


—_— —_— 


8 


— _ CI 


[EZ] 


0 * | — | | 
i The Table of Logarithms. 
Nn einn 
$89582 | 889638 | 889694. | 889749 | 889806 | 56 
| 890141 | 890197 | 890253 | 890309 | 890365 | 56 
| 890700 | 890756 | 890812 | 890868 | 890924 | 56 
1 891259 | 891314 | 891370 | 891426 | 891482 | 56 
| 891816 | 891872 | 891928 | 891983 | 892039 | 56 
| 892373 | 892429 | 892484 | 892539 | 892595 | 56 
892929 | 892985 | 893040 | 893096 | 893151 | 56 
893484 | 893539 | 893595 | 893651 | 893705 | 56 
| 394939 | 394994 | 894149 | 894205 | 894261 | 55 
894593 | 894648 | 894704 | 894759 | 894814 | 55 
| 395146 | 8ggzor | 895257 | Bgg312 | 895367 | 55. 
1895699 3335755 895809 | 895864 | 895919 55 
| 896251 | 89630 896361 | 896416 | 896471 | 55 
| $96802 896857 | 896912 | 896967 897022 55 
897352 | 897407 | 897402 | 897517 | 897572 [_55 
897902 | 897957 | 898012 | 898067 | 898122 | 55 
898451 | 898526 | 898561 | 898615 | 898670 | 55 
898999 | 899054 | 899109 | 899164 | 899218 | 55 
899547 | 899602 | 899656 | 899711 | 899756 | 55 
900094 | 280142 | 900203 | 900258 | 900312 | 55 
900640900695 9099749 | 900804 | goo8gg | 55 
901186 901240 901295 901349 | 901404 | 55 
901731 901785901839 901894 901948 54. 
902275 | 902329 | 902384 | 902438 | 902492 | 54 
902818902873 902927 | 902981 | 903036 | 54 
903301 | 903416 | 903469 | 903524 903578 | 54 
903904 | 903958 | 904012 | 904006 | 904120 54 
| 994445 | 994499 | 994553. 904607 | 904661 | 54 
904986 | 905039 | 905094 | 905148 | gog202 | 54 
2 8 = 905688 | 905742 | '54 
906066900119 173 | 900227 | 90 54 
906604 g06658 | 906712 | 906766 906819 54 
907143 | 907196 | 907250 | 907304 | 907358 | 54 
907680 | 907734 | 907787 | 907841 | 907895 } 54 
908217 | 908270 | 908324 | 908378 | 2843. 54. 
908753 | 908807 | 908860 908914 go8g67 | 54 
1909289 | 909342 | 909396 | 909449 | 909503 | 54 
909823 | 909877 | 909930 | 909984 | 91003753 
910358 | 910411 | 910464 | 910518 | g10o571 | 53 
910891 | 910944 | 910998 | g11ogr 91114 
911424 | 911477 | 911530 | 911584 | 911037 | 53 
911956 | 912009 | 912063 | 912116 | 912169 53 
912488 | 912541 | 912594 | 912647 | 912700 | $53 
| 913019 | 913072 | 913125 | 913178 g13231 | 53 
1 913549 | 913602 | 913655 | 913708 | 913761 | 53 


| 914872 


n 1 


913814 
914343 


915399 
2222 


913867 
914396 
914925 
915452 
915979 


3 


913919 
914449 
914977 
| 915505 
910033 


913973 
914502 
915030 
915558 
916085 


| 916454 
916980 | 
917506 
918030 
918555 


916507 
917033 
917558 
918083 
918607 


916559 
917085 
917611 
918135 
918659 


918712 


916612 
917138 


917663 
918188 


919078 
919601 
| 920123 
920645 


919130 
919653 
920176 
920697 


921466 


921218 


919183 
919706 
920228 


920749 
921270 


919758 


919235 


920279 
920801 


921322 


921686 


922206 


922725 
923244 
923702 


921738 
922258 
922777 
923296 
923814 


921790 
922310 


922829 
923348 
923505 


921842 
922362 
922881 
923399 


923917 |: 


0 
+ 
— 


924279 
924796 
925312 
925828 
920342 


924331 
924848 
925 304 
925879 
926394 


924383 
924899 
925415 
925931 
920445 


924434 
924951 
925407 
925982 
920497 


926857 
927370 
927883 
928396 
928908 


926908 


927935 
928447 
928959 


927422 | 


926959 
927473 
927986 
928498 
929009 


928037 
928549 
— 


927011 
927524 


929419 
929929 
939439 
930949 
931458 


929470 
929981 
930491 
930999 
931509 


929521 
930032 
930542 


| 931051 


9319559 


929572 
930083 
930592 
931102 
931610 


931966 
932474 | 
932981 


| 933487 


933993 


932017 
932524 
933031 
933538 
934944 


932008 


932575 
933082 
933589 
934294 


932118 
932626 
933133 
933639 
934145 


934498 
935003 
935507 


3 | 936011 


930514 


934549 
935053 
935558 
936061 


936564 


934599 
935104 


935608 
936111 


936614 


934649 
935154 
935058 
936162 


936665 


= 


. 


2 * 


„, 


T be Table, of Logarithms. 


* 


| 
1 6 7 8 o | D 
| 914979 | 914132 | 914184 | 914237 | 914290 | 53 
914608 | 914660 | 914713 | 914766 | 914819 | 53 
915136 | 915189 915241 | 915294 | 915347 | 53 
15664 | 915716 | 915769 | 915822 | g15875 | 53 
916191 916243 | 916296 | 916349 | 916401 | 53 
910717 | g1670g | g16822 | g16875 916927 53 
R 7243 | 917295 | 917348 | 917400 | 917453 | 53 
917708 | 917820 | 917873 | 917925 | 917973 | 52 
918293 | 918345 | 918397 | 918449 | 918502 | 52 
918816 918869 918921 | 918973 | 919026 _52 
1.919339 | 919392 | 919444 | 919496 | 919549 | 52. 
919802 | 919914 | 919967 | 920019 9200 [52 
-929384 | 920430 | 920489 | 920541 | 920593 | 52 
920906 | 920958 | 921009 | 921062921114 52 
921426 | 921478 | 921530 | 921582 | 921634 | 52 
9219 921998 | 922050 | 922102 922154 52 
922406 | 922518922569 922622 | 922674 | 52 
922985 | 923037 | 923089 | 923140 | 923192 52 
923503 | 923555 | 923607 | 923658 | 923710 | 52 
924021 | 924072 | 924124 | 924176 - 924228 | 52 
924538 | 924589 | 924641 | 924093 | 924744 | 52 
925054 | 925106 | 925157 | 925209 | 925201 } 52 
925569 | 925621 | 925673 | 925725 | 925770 | 52 
g20085 | 926137 | 926188 | 926239 | 926291 | 51 
926599 926651 | 926702 | 926754 | 926805 | 51 
927114 | 927165. | 927216 | 927268 | 927319 | 51 
927027 | 927078 | 927729 | 927781 | 927832 | 51 
928139 | 928191 | 928242 | 928293 | 928345 | 51 
928652 | 928703 | 928754 | 928805 928857 | 51 
929163 929215 29260 | 929317 | 929368 | 51 
1 929674 | 929725 | 929776 | 929827 | 929879 | 51 
| 930185 | 930236 | 930287 | 930338 | 930389 | 51 
939694 | 930745 | 930796 | 930847 | 930898 | 512 
| 931204 | 931254 | 931305 | 931356 | 931407 | 51 
931712 | 931763 | 931814 | 931865 | 931915 f 51 
932220 | 932271 | 932322 | 932372 | 932423 | 51 
932727 | 932778 4 932879 | 932930 | 51 
933234 | 933285 | 933335 | 933380 | 933437 | 51 
933749 | 933791 | 933841 | 933892 ['933943 | 51 | 
934246 | 934290 | 934347 | 934397 | 934448 | 51 
934751 | 934801 | 934952 | 934902 | 934953 | 50 
935255 | 935300 | 935356 | 935490 | 935457 | 50 
935759 93 580g 938255 E E 50 
936202 | 936313 | 936363 | 93 936463 50- 
936765 | 936815 | 936865 | 936916 | 936966 | 52 


* 


The Table of Logarithms. 


O 


2 


037016 
937518 
938019 
| 938519 
939019 


37117 
537618 
938119 
938619 
939119 


18 
937167 
937008 


938169 
| 938659 
939169 


939519 
940018 
940516 
rens 
941511 


939019 
940118 | 
940616 


941114 


1 | 941611 


39669 
348769 


N 
943 103 
941660 


942008 
942504 
942999 
943495 


879 | 943989 


944453 
94497 
945468 
| 945961 
940452 


942107 
942603 
943099 
943594 
944088 


944581 
945074 
945567 
940059 
946551 


942157 
94265 
94314 
225 
9453 
94512 
| 94561 


940108 
946599 


946943 
947434 
947924 
948413 
948902 


947041 
947532 
948022 
948511 
943999 


947090 
947581 


948559 
949048 


948070 


947629 


949390 
949878 
950365 
950851 


e 


952308 
952792 
953276 
953759 


949439 
949926 


| 959414 


950900 
1386 


949488 
949975 
950462 
950949 
951435 


949530 
950024 
950511 


951872 
952356 
952841 
953325 
953808 


951920 
952405 
| 952889 
953373 
953856 


952453 
| 952938 
953421 
95 3905 


950997 | 


951483 | 951532 
955 


953953 


954243 
954725 


955207 
95 5688 


956168 


954291 
954773 
955255 


955736 
956216 


954339 
954821 
955303 
955784 

150265 


954387 
954869 
955351 
955832 
950313 


954435 | 


955399 
955880 


956361 


950649 
957128 


957607 
958086 


958564 


956697 
957176 


957655 


958134 
958612 


956745 
957224 


957703 
958181 


958659 


956793 
957272 
95775¹ 
958229 


958707 


956840 
957319 
957799 
958277 


954918 


—— 


947139 | 


958755 


. 
1 


——_ 
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The Table of Logarithns. © 


a. tb. 7 


| | 
LOUIE TT EH Fer 
937267 | 937317 | 937307 | 937418 | 937468 | 50 
937709 | 937819 | 937869 | 937919 | 937969 | 50 
938269 | 938319 | 938369 | 938419 | 938469 | 50 
938769 | 938819 | 938869 | 938919 | 938969 | 50 
939269 | 939319 | 939369 | 939419 | 939469 | 59 
939709 | 939819 | 939869 | 939918 | 939968 | 50 
940267 | 940317 | 940367 949417 949467 | 50 
949765 | 940815 | 940865 | 940915 | 940964 | 50 
941263 | 941313 | 941362 | 941412 | 941462 | 50 
941759 | 941809 | 941859 | 941909 | 941958 | 50. 
942250 | 942300 | 942355 | 942405 | 942455 | 50 
942752 | 942801 | 942851 | 942901 | 942950 | 50, 
943247 | 943297 | 943346 | 943396 | 943445 | 49: 
943742 | 943791 | 943841 | 943890 | 943939 | 49 
1944230 | 944285 | 944335 | 944334 | 944433 49 
1944729 | 944779 | 944828 | 944877 | 944927 | 49 
945222 | 945272 | 945321 | 945370 | 945419 | 49 
1945715 | 945704 945813 | 945862 | 945912 | 49 
1949207 | 946256 | 946305 | 646354 | 946493] 49 
940698 | 946747 | 946796 | 946845 | 946894 | 49 
947189 | 947238 | 947287 | 947330 | 947385 | 49 
47679 | 947728 | 947777 | 947826 | 947875 | 4 
948168 | 948217 | 948266 | 948315 | 948364 | 49 
1948657 | 948706 | 948755 | 948804 | 948853 | 49 
949140 | 949195 | 949244 | 949292 | 949341 | 49 
949033 | 949083 | 949731 | 949780 | 949829 | 49 
950121 | 950170 | 950219 | 950267 | 950316 | 49 
{950608 | 950657 | 950706 959754 | 950803 49 
951095 | 951143 | 951192 | 951240 | 951289 | 49 
951580 | 951629 | 951677 | 951726 | 951775 | 49 
952066 | 952114 | 952163 | 952211 | 952259 | 49 | 
952550 | 952599 | 952647 | 952696 | 952744 | 48 
953034 | 953083 | 953131 | 953179 | 953228 | 48 
953518 | 953566 | 953615 | 953663 | 953711 | 48 
954001 | 954049 | 954099 | 954146 | 954194 | 48 
954484 | 954532 | 954580 | 954028 | 954677 | 48 
954966 | 935014 | 955062 | 955110 | g55158 | 48 
955447 | 955495 | 955543 | 955592 | 955639 | 48 
955928 | 955976 | 956024 | 956072 | 956120 | 48 
956409 | 956457 | 956505 086553 956601 48 
955888 955935 | 950984 | 957032 95708 48 
957368 | 957416 | 957464 | 957512 | 957559 48 
957847 | 957894 | 957942 | 957990 | 958038 | 48 
958325 | 958373 | 958421 | 958468 | 958516| 48 
958803 | 938850 | 958898 | 958946 | 958994 | 48 


= 
i Bm 
| 
| 
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The Table of 


O 
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Togarithms. 


3 


[<< 


959041 
959518 


959089 
959566 
960042 
9605 18 
960994 


959137 
959014 


959185 


961469 
961943 
962417 
962889 
963303 


61136 
961563 967611 


959232 
959709 


6018 
960661 


96383 5 
964307 
964778 
965249 
965719 


966189 
966658 
967127 


967595 
968062 


— 


222323 


968529 
968996 
969463 
969928 


970533 


971322 


970858 


971786 
972249 
972712 


970997 
971461 
971925 
972388 
972851 


973174 
973030 
974097 
974558 
975018 


973220 
973082 
974143 
974604 
975004 


975432 
975891 
970349 
676808 
977260 


975478 
975937 
976396 
976854 
977312 


975524 
975983 
976442 
976899 
977358 


975569 | 


973313 


974235 
974095 
975156 

975616 
976075 
976533 
976992 
977449 


977724 
978181. 
978637 
979093 
| 979548 


977709 
978226 
978083 
979138 
979594 | 


977815 
978272 
978728 
979184 
979039 


977906 | 
978363 
978819 
979275 


We 


* un 


973777471 


979730 
— — 


Table of Logarithms. 
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7 


$9 e 
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Tg 
& 

22 


— ———_— 
— — 


972481 


971090, 
971554 
972018 


972943 


971137 
971601 
972064 | 
972527 
972989 


973359 
1 973820 
974281 
974742 
975202 


. 


973405 
973866 
974327 
974788 
975248 


973451 
973913 
974374 
974834 
975294 


97 3497 
97 3959 
974419 
974879 
975339 


973543 
974095 
974466 
974920 
975380 


975062 
| 976121 

976579 
977037 
977495 


O 
— 2 
976625 
977083 
977541 


975753 
976212 
976671 
977129 
977580 


975799 
976258 
976717 
977175 
977532 


975845 
976304 
976763 
977220 
977678 


977952 
978409 
978805 
979321 
a79776 


977998 
43 of 
978911 

979360 


978042 
978500 
978950 
979412 


978089 
978546 
979002 
979457 


979821 | 


979857 


97991z 


978135 
978591 
979047 
979503 
979958 


Cee et. — —— ——— 
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The Table of Logarithms. 


O 


| 


2 


; 


| 950003 


980458 
980912 
981366 
991819 


980049 
980503 
980957 
981411 


981864 


986694 
980549 
981003 
981456 
281909 


980139 
980594 


981048 
9815801 


981954 


982271 
982723 


| 983175 


983626 
984077 


982316 
982769 


983220 


983671 
984122 


— 


982407 
982859 


983310 


983762 
984212 


984977 
985426 


985875 


980324 


984527 
| 985471. 


— 


984572 


985022 


985920 
986369 


984002 
985112 
985561 


986009 


86458 


986772 
987219 
987666 
68811 


3 | 


988559 


986817 
987264 
987711 


9881579 


988604 


—— 


986906 
987353 
987800 
988247 
988693 


989005 
989449 
989895 
990339 


999783 


989049 


989494 


989939 
990383 
990827 


989138 
989584 
990028 


990472 


990916 


991226 
991669 


992111 


992554 
992995 


— — 


991270 
991713 
992156 
992598 
993039 


991315 
991758 
992199 
992642 
993083 


991359 
991802 


992. 
992686 


993127 


992288 
992730 
993172 


993430 
993877 
994317 
994756 
995196 


993450 
993921 
994301 
994501 
995240 


993524 
993965 
994405 
994845 
995284 


993508 
994009 
994449 
994889 
995328 


993613 
994053 
994493 
994933 
095372 


995035 


996074 
9965 ·2 


996949 


997386 


995079 
996117 
996555 
990993 


| 997430 


995723 
996161 
996599 
997037 
997474 


995704 


990205 
996643 
997080 
997517 


995811 
996249 
996687 
997124 
997561 


997823 
998259 
998695 
999133 
999565 


997807 
998303 
998739 
999176 


997910 


998347 
998783 
999218 
0900052 


99754 
998390 
908825 
999251 


909696 


997978 
998434 
998869 
990305 


— A 


8 


hh. a 


99973; 


— uw. .4 


99960 


. 


— 


The Table of Logarithms. 


. r 
980231980276 980322 | 980367 | 980412 | 45 
9806859807 30 980776 | 980821 | 980867 | 45 
981139 | 981184 | 981229 | 981275 | 981320 | 45 
981592-] 981637 | 981683 | g81728 | 981773 | 45 
982045 | 982090 | 982135 | 982181 | 982226 | 45 
982497 | 982543 | 982588 | 982633 | 9826078 | 45 
982949 | 982994 | 983039 | 983085 | 933129 | 45 
983401 | 983446 | 983490 | 983530 | 983581 | 45 
983852 | 983897 | 983942 | 983987 | 984032 | 45 
984302 | 984347 | 984392 | 984437 | 9844532 | 45 
984752 | 984797 | 984842 | 984887 | 984932 | 45 
985202 | 985247 | 985292 | 985337 | 985332 | 45 
985651 985696 | 985741 | 985786 | 985830 | 45 
986099 | 986144 | 986189 | 986234 | 986279 | 45 
986548 | 986593 | 986537 | 986682 | 986727 | 45 
986996 | 987040 | 987085 | 987129 | 987175 | 45 
987443 | 987488 | 987532 | 987577 | 987622 45 
987889 | 987934 | 987979 | 988024 | 988068 | 45 
988336 | 988381 | 988425 | 988469 | 988514 | 45 
988782 | 988826 | 988871 | 988916 | 988960 | 45 
989227 | 989272 | 989316 | 989301 | 989405 | 45 
989672 | 989717 | 989761 | 989806 | 989850 44 
990117 | 990161 | 990206 | 980250 | 990294 | 44 
990561990605 990649 | 990694 990738 | 44 
991004 | 991049 | 991093 | 991137 | 991182 | 44 
991448 | 991492 | 991530 | 991580 | 991625 | 44| 
991890 | 991935 | 991979 | 992023 | 992067 | 44 
992333 | 992377 | 992421 | 992465 | 992509 | 44 
992774 | 992819 | 992863 | 992907 | 992951 | 44 
993216 | 993259 | 993304 | 993343 | 993392 | 44 
993057 | 993791 | 993745 | 993739 | 993533 | 44 
994997 | 994141 | 99418; | 994229 | 994273 | 44 
994537 | 994581 | 994025 | 994669 | 994713] 44 
994977 | 995021 995065995 108995152 44 
995416 | 995459 | 995504 [ 995547 | 995591 |_ 44 
995854 | 995898 | 995942 | 995986 | 996029 | 44 
990293 | 990337 | 996380 | 996424 | 996468 | 44 
990731 | 999774 | 996818 | 996862 | 996906 | 44 
997168 | 997212 | 997255 | 997299 | 997343 | 44] 
997605 | 997648 | 997692 | 997730 | 997779 | 44 
998041 | 998085 | 998129 | 998172 | 998210 | 44 
998477 | 998521 | 998564 | 998608 998682 44 
998913 | 998956 | 998999 | 999043 | 999087 | 44 
999348 | 999392 | 999435 | 999479 | 999522 | 44 
999783 | 999826 | 999869 | 999913 | 999957 | 43 
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Artificial Sines and Tangents 
To every 


DEGREE and MINUTE 
OF THE Heng; 


QUADRA N T. 


The Common Radius being 10,000000. 


DUSADHS SSASNETDHTEDHHSDEENADESD 


The Table of Sines and Tangents. 
1 f : Degree O. 
M | Sine. | Co-fne. | | Tangent. | Co-tang. 
o |,0.000000 | 19.000000 | | 0.000000 | Infinita. | 60 
1 | 6.463726 | 9.999999 | | 6.463726 |-13.530274 | 59. 
2 | 6.764756 | 9.999999 | | 6.764756 | 13.235244 | 58 
3 | 6.940847 9.999999 | 6.940847 | 13.059153 | 57 
4 | 7-065786 | 9.999999 | | 7.065786 | 12.934214 | 56 
\ 5 | 7-162696 þ 9.999999 | | 7.162696 | 12.837304 | 55 
- 6 | 7.241877 | 9.999999 | | 7.241878 12.758122 | 54 
j 7 | 7-398824 | «9.999999 | | 7.308825 | 12.691175 | 53 
8 | 7.366816 | 9.999999 7.306817 | 12.633183 | 52 
9 | 7-417968 | 9.999999 | | 7-417970 | 12.582030 | 51 
10 | 7-4603726 | 9.999998 | | 7-463727 | 12.536273 | 5O 
I1 | 7.5051 1 9.999998 7.505120 | 12.494880 | 49 
12 7.542906 |- 9.999997 | | 7-542909 | 12.457091 | 48 
13 | 7.577668 | 9.999997 | 7.577572 12.422328 | 47 
14 | 7.609853 | 9.999996 | | 7.609857 | 12.390143 | 46 
15 | 7.639816 | 9.999996 ] 7.639820 | 12.360180 | 45 
16 | 7.667844 | 9-999995 | | 7-067849 | 12.332151 | 44 
17 | 7-094173 | 9-999995 | | 7-694179 | 12.305821 | 43 
| 18 | 7.718997 | 9.999994 | | 7.719003 | 12.280997 | 42 
19 | 7-742477 | 9-999993 | | 7-742484 | 12.257516 | 41 
20 | 7.704754 | 9999993 | | 7.704761 | 12.235239 | 40 
21 | 7.785943 | 9.999992 1 7.785951 | 12.214049 | 39 
22 7.806146 | 9.999991 7.806155 | 12.193845 | 38 
23 | 7-825451 | 9.999990 | | 7.825460 | 12.174540 | 37 
24 | 7-843934 | 9-999989 | | 7.843944 | 12.156056 | 36 
25 | 7.861662 | 9.999989 7.861674 | 12.138326 | 35 
26 7.878695 9.999988 7.878708 | 12.121292 | 34 
27 | 7-895085 | 9.999987 | | 7.895099 | 12.104901 | 33 
28 | 7-910879 | 9.999986 7.910894 | 12.089106 32 
| 29 | 7.926119 9.99998 5 7.926134 | 12.073866 | 31 
30 | 7-949842 | 9.999983 | | 7.940858 | 12.059142 | 30 
| Co-fine. | Sine. | | Co-tang. Tangent. M 
| | Wi . — 2 


The Table of Sines and Tangents. 


Degree o. ; 
IMI Sine. | Co-/ine. | | Tangent. | Co-tang. | 
30 | 7.940842 | 9.999983 | | 7. 7.949858 | 12.059142 | 30 


' 31 | 7.955082 | 9.999982 7.955100 | 12.044900 | 29| 
32 | 7.968870 | 9.999981 7.968889 | 12.031111 | 28 
33 | 7-982233 | 9. 999950 11 7-982253 | 12.017747 | 27 
34 | 7-995198 | 9.999978 7-995219 | 12.004781 | 26 
35 | 8.007787 | 9.999978 8.007810 | 1 1.992191 25 


36 | 8.020021 | 9.999976 | 8.020044 11.979956 | 24 
37 | 8.031919 | 9.999975 | | 8.031945 | 11.968055 | 23 
38 | 8.043501 | 9.999973 | | 8.043527 | 11.956473 | 22 


40 8.065776 | 9.999971 | | 8.065806 | 11.934194 | 20 


41 | 8.076500 | 9.999969 | 
42 | 8.086965 | 9.999968 8.086997 | 11.913003 4 
43 | 8.097183 | 9.999966 | | 8.097217 11.902783 | 17 
44 | 8.107167 | 9.999964. 8.107203 | 11.892797 | 16 
45 | 8116926 | 9,999963 | | 8.116963 | 11.883037 | 15 
46 | 8.126471 | 9.999961 | | 8.126510 | 11.873490 | 14 
47 8.135810 9.999959 | | 8.135851 | 11.864149 | 13 
48 | 8.144953 | 9-999958 | | 8.144996 | 11.855004 | 12 


39 | $-054781 | 9.999972 | | 8.054809 | 11.945191 | 21} 


8.076531 | 11.923469 19] 


- 


| 49 | 8153907 | 9.999956 þ | 8.153952 | 11.846048 | 11 
90 8.162681 9.999954 8.162727 | 11.837273 | 1 
51 | 8.171280 | 9.999952 | 8.171328 | 11.828672 | 9 

| 32 | 8.179713 | 9.999950 | | 8.179763 | 1.820237 | 8 

| 53 . 187985 | 9. 999948 | 8.188036 | 11.811964 | 7 
54 | 8.196102 | 9.999946 8.196156 | 11.803844 |. 6 

55 | 8.204070 | 9.999944 | | 8.204126 | 11.795874| 5 

| 56 | 8.211895 | 9.999942 8.211953 | 11.788047 | 4 
57 | 8.219581 | 9.999940 8.219641 | 11.780359 | 3 
58 | 8.227134 | 9.999938 8.227195 | 11.772805 | 2 
59 | 8-234557 | 9-999936 | | 8.234621 | 11.705379 | 1 
bo | 8.241855 | 9.999934 | | 8-241921 | 11.758079 | © 

8. . Sine. | | Co-rang. | Tangent, | M 
Degree 89. | [ 


— 


— — 


23 
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The Table of Sines and Tangents. 
62 hk Degree 1. | 
M | Sine. | Co-fire. | | Tangent. | Co-tang. | 
o | 8.241855 | 9999934 | | 8.241921 | 11758079 | 60. 
1 | 8.249033 | 9.999932 8.249102 11.750898 | 59 
| 2 {| 8.256094 | 9.996929 8.250165 | 11.743835 | 58 
3 | 8.263042 | 9.999927 8 11.736885 | 57 
4 | 8.269881 | 9.999925 8.269950 | 11.730044 | 56 
5 | 8.276614 | 9.999922 8.275591 | 11.723309 | 55 
6 | 8.283243 | 9.999920 8.283323 11.716677 | 54 
7 | 8.289773 | 9.999918 | | 8.289856 | 11.716144 | 53 
8 | 8.296207 | 9.999915 | | 8.296292 | 11.703708 | 52 
| 9 | $-302546 | 9.999913 | | 8.392634 | 11.697366 | 51 
110 | 8.308794 | 9-999910 | | 8.308884 | 11,691116 | 50 
{11 | 8.314954 | 9.999907 | | 8.315046 | 11.684954 | 49 
1z2 | 8.321027 | 9.999905; 8.321122 | 11 678378 | 48 
13 8.327016 | 9.999902 8.327114 11.672886 47 
14 | 8.332924 | 9-999899 | | 8.333025 | 11.556974 
i5 | 8-338753 | 9-999897 | | 8.338850 | 11.061144 | 45 
16 | 8.344504 | 9999894 | | 8.344610 | 11.655390 | 44 
17 | 8.350180 | 9.999891 8.350289 | 11.649711:] 43 
18 | 8.355783 | 9-999888 | [| 8.355895 | 11.644105 | 42 
19 | 8.301315 | 9.999885 | | 8.361430 | 11.638570 | 41 
20 | 8.366777 | 9.999882 | | 8.366895 | 11.633105 40 
121 8.372171 9.999879 | | 8.372292 11.627708 | 39 
22 | 8.377499 | 9.999876 8.377622 | 11.622378 | 38 
23 8.38275 9.999873 8.382889 11.617111 | 37 
24 | 8.387962 | 9.999870 8.388092 | 11.611908 | 36 
25 | 8.393101 | 9.999867 8.393234 | 11.606766 | 35 
26 | 8.398179 | 9.999864 |. | 8.398315 | 11.601685 | 34 
27 | 8.403199 | 9.999861 | | 8.403338 11.596662 33 
28 | 8.408161 | 9.999858 | | 8.408304 | 11.591696 | 32 
29 | 8.413068 | 9.999854 8.413213 | 11.586787 | 31 
30 | 8.417919 | 9-999851 8.418068 | 11.581932 | 30 
I Cone. Sine. | | Co-tanrg. | Tangent. | M 
| Degree 88. — 
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The Table of Sines and Tangents. 


Degree 1. 


M | Sine. Co-fine. | | Tangent. | 


— 


Co-tang. | 7 


30 | 8.417919 | 9.999851 | | 8.418068 11.581932 | 30 


31 8.422717 9.999848 8.422869 11.577131 
32 | 8.427462 | 9.999844 | | 8.427618 [11.572382 28, 
33 | 8.432156 | 9.999841 | | 8.432315 | 11.567685 | 27; 
34 8.436800 | 9.999838 8.436962 | 11.563038 | 26 
35 | 8.441394 | 9.999834 | | 8.441560 | 11.558440 | 25; 
36 | 8.445941 | 9.999831 | | 8.446110 | 11.553990 | 24 
37 | 8.450440 | 9.999827 | | 8.450613 | 11.549387 | 23 
38 | 8.454893 | 9.999824 | | 5455070 | 11.544930 | 22 
39 | 8.459301 | 9.999820 | | 8.459481 | r1.540519 | 21 
40 | 8.463665 | 9.999816 | | 8.463849 | 11.536151 | 20 
41 | 8.467985 | 9.999812 | 8.468172 | 11.531828 | 19 
42 | 8.472263 | 9.999809 | | 8.472454 | 11.527546 | 18 
43 | 8470498 | 9.999805 | | 8.476693 | 11.523307 | 17 
44 8.480693 | 9.999801 | | 8.480892 | 11.519108 | 16 
45 8.484848 9.999797 | | 8.485050 | 11.514950 | 15 
46 | 8.488963 | 9.999794 | | 8.489170 | 11.810830 14 
47 | 8.493040 | 9-999790 | | 8.493250 | 11.506750 | 13 
48] 8.497078 | 9.999786 | | 8.497293 | 11.502507 | 12 
49 | 8.501080 | 9.999782 | | 8.501298 | 11.498702 | 11 
50 8. oo 9.999778 8.505207 11.494733 | 10 
51 |'8.508974 | 9-999774 | | 5.509200 | 11.4908co |. 9 
52'| 8.512867 | 9.999769 | | 8.513098 11.486902 8 
| 8.516726 | 9.999765 8.516961 | 11.483039 | 7 
54 | 8.520551 | 9.999761 | 8.520790 | 11.479210 | 6 
55 | 8.524343 | 9-999756 | | 8.524586 | 11.475414 | 5 
56 | 8.528102 | 9.999753 8.528349 | 11.471651 | 4 
57 | 8.531828 | 9.999748 8.532080 | 11.467920 | 3 
8.535523 9:999744 | | 8:535779 | 11.464221 | 2 
59 | 8.539186 | 9.999740 | | 8.539447 | 11.460553| 1 
60 | 8.542819 | 9.999735 | | 8.543084 | 11.456916 | © 


"| Co-fime. | Sine. | | Co-rang. | Tangent. | M 


"TIO 


Degree 88. 
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The Table of 


Sines and Tangents. 


Degree 2. 


| Co-fine. | | Tangent. [ Co-tang. | © 


— — - 1 
o | 8.542819 | 9.999735 8.543084 11.456916 | 60 


r | 8.546422 | 9.999731 | | 8.546691 | 11.453309 | 59 
2 | 8549995 9.999725 | 8.550208 | 11.449732 | 58] 
| 3 | $553538 | 9-999722 | | 8.553817 | 11.446183 | 57 | 
| + | 557954] 9:999717 | | 8.557336 | 11.442664 | 56 
1 5 8.560540 9:999713- 8.560827 11-439172 2 
15863999 9.99978 | 8.564291 | 11.435709 | 54 

7 | 8.567431 | 9:999703 | | 8.567727 | 11.432272 | 53 
| 8 | 8.570836 | 9.999699 | | 8.571137 | 11.428863 | 52 

9 | 8.574214 | 9-999694 | | 8.574520 | 11.425480 | 51 
to | 8.577566 | 9-999689 | | 8-577877 | 11.422123 | 50 
11 | 8.580892 | 9.999685 8.581208 11.418792 | 49 
12 | $.584193 | 9.999680 | | 8.584514 | 11.415486 | 48 
13 | 8.587469 | 9-999675 | | 8587795 | 11.412z05 | 47 
14 8.590721 | 9.999670 | | 8.591051 | 11.408949 | 46 | 
ls | 8.593948 | 9.999605 | | 8.594283 | 11.405717 | 45 
16 | 8.597152 | 9.999660 8.597492 | 11.402508 44 | 
17 | 8.600332 | 9.999655 | | 8.600677 | 11.399323 | 43 
18 | 8.603488 | 9.999650 | | 8.603838 | 11.396161 | 42 
19 | 8.606622 | 9.999645 8.606978 | 11.393022 | 41 
20 | 8.609734 | 9.999640 | | 8.610094 | 11.389906 | 40 
21 | 8.612823 | 9.999635 | | 8.613189 | 11.386811 | 39 
22 | 8.615891 | 9.999629 | | 8.616262 | 11.383738 | 38 
23 | 8.618937 | 9.999624 | | 8.619313 | 11.380687 | 37 
| 24 | 8.621962 | 9.999619 8.622343 | 11.377657 | 36 
25 | 8.624965 9.999514] | 8.625352 11.374648 | 35] 
26 8.627948 | 9.999608 8.628340 | 11.371660 | 34 
27 | 8.630911 | 9.999603 8.631308 | 11.368692 | 33 
28 | 8.633354 | 9-999597 | | 8634456 | 11.365744 | 32 
29 | 8.636776 | 9.999592 8.037184 11.362816 | 31 
[30 | 8.639680 | 9.999586 | | 8.640093 | 11.359907 36 
v3 Cine. | Sine. | | Co-targ. | Tangent. | M 
33 a Degree. 879. | 


"The Table 


Sines and T. angents. 


of 


— 


Degree 2. 


M | Sine. Co-fine. | | Tangent. | Co-tang. | 


| 30 | 8.639679 | 9.999586 | | 8.640093 | 11.359907 | 30 | 


31 | 8.642563 | 9.999581 8.642982 | 11.357017 | 29] 
32 | 8.645428 | 9.999575 | | 8.645853 | 11.354147 | 28, 
33 | 8.648274 | 9.999570 | | 8.648704 | 11.351296 | 27 
34 | 8:651102 | 9.999564 | | 8.651538 | 11.348463 | 26 
35 | 8.653911 | 9.999558 | | 8.654352 | 11-345648 | 25 
36 | 8.656702 | 9.999553 | | 8.657149 | 11.342851 | 24 
37 | 8:659475 | 9.999547 | 8-659928 | 11.340072 | 23 
38 | 8.662230 | 9.999541 8.662689 11.337311] 22 
39 | 8.664968 | 9.999535 | | 8.665433 | 11.334567 21 
40 | 8.667689 | 9.999529 8.668160 | 11.331840 | 20 
41 | 8.670393 | 9.999525 j | 8.670869 | 11.329130 | 19 
42 | 8.673080 | 9.999518 8.673563 | 11.320437 | 18 
43 | 8.675751 | 9.999512 8.676239 | 11.323701 | 17 | 
44 | 8.678405 | 9.999506 8.678899 41.321100 | r6 þ 
45 | 8.681043 | 9:999499 | | 8.641544 | 11-318456 | 15 
46 | 8.683665 | 9.999493 8.684172 | 11.315828 | 14 
47 | 8.686272 | 9.999487 8.686784 | 11.313216| 13 | 
48 | 8.688862 | 9.999481 8.689381 | 11.310619 | 12 
49 | 8.691438 | 9.999475 | | 8.691963 | 11.308037 | 11 
50 | 8.693998 | 9-999469 8.594529 1.305471 | 10 | 
51 | 8.696543 | 9.999462 8.697081 | 11.302919 | 9 | 
52 | 8.699073 | 9.999456 | '| 8.699617 | 11.300383 | 8 
53 | 8.701589 | 9.999450 8.702139 | 11.297861| 7| 
54 | 8.704090 | 9.999443 | | 8.704646 11.295384 % 
55 | 8.706576 | 9.999437 | | 8.707139] 11.292860| 5 | 
56 | 8.709049 | 9.999431 | |j 8.709618 11.290381 | 4 
57 | 8.711507 | 9.999424 8.712083 | 11.287917| 3 
|58 | 8.713952 | 9-999418 | | 8.714534 | 11.285466 | 2 
59 | 8.716383 9.999471 8.716972 11.283028 1] 
60 | 8.718800 | 9.999404. 8.719396 | 11.280604 | 0 
| Co-fine, | | Sine. | | Co-tang. | Tangent. M 
a Degree 87. wr 


. Table of Sines and Tangents. 
5 | Degree 3. Ty 
M | Sine. | Co. fine. | Tangent. | Co-tang. | 1 
0 8.718800 | 9.999404 | | 8.719396 | 11.280604 | 60 
1 | 8.721204 | 9.999398 | | 8.721806 11.278194 | 5 
2 | 8.723595 | 9999391 | | 8.724204 | 11.275796 | 5 
3 | 8.725972 | 9.999384 | 8.726588 | 11.273412 | 57 
4 | 8.728336 9.999378 | | 8.728959 | 11.271041 | 56 
5 | 8.730688 | 9.999371 | | 8.731317 | 11.268683 | 55 
6 | 8.733027 | 9.999364 | | 8.733663 | 11.266337 | 54 | 
7 | 8-735354 | 9-999357 | | 8:735996 | 11.264004 | 53 
8 | 8.737667 | 9.999350 8.738317 | 11.261683 | 52 
9 | 8.73 9-999343 | | 8.740626 | 11.259374 | 51 
to | 8.742259 | 9.999336 8.742922 | 11.257078 | 50 
11 | 8.744536 | 9.999329 | | 8.745207 | 11.254793 | 4 
12 | 8.746801 | 9.999322 8.747479 | 11.252521 | 4 
13 | 8.749055 | 9:999315 | | 8.749740 | 11.250260 | 47 
14 | 8.751297 | 9.999308 | | 8.751989 | 11.248011 | 46 
is | 8.753528 | 9.999301 | | 8.754227 | 11.245773 | 45 | 
16 8.758747 | 9-999294 | | 8.756453 | 11-243547 | 44 | 
17 | 8.757955 | 9.999286 | | 8.758668 | 11.241332 | 43 
18 | 8.760151 | 9.999279 8.760872 | 11.239128 42} 
19 8.762337 9-999272 | | 8.763065 | 11.236935 | 41 
20 | 8.764511 | 9.999265 | | 8.765246 | 11234754 | 40 
21 87 66675 | 9.999257 | ' 8.967417 | 11.232583 39] 
22 8.768828 9.999250 8.769578 | 11.230422 | 438 
23 | 8.770970 | 91999242 | | 8.771727 | 11.228273 | 37 
24 | 8.773101 | 9.999235 | | 8.773866 | 11.229134 | 36 | 
25 8.775223 9-999227 | 8.775995 | 11.224005 5135] 
26 | 8.777333 | 9.999220 | | 8.778114 | 11.221886 34 
27 | 8.779434 | 9.999212 | | 8.783222 | 11.219778 33 
28 | 8.781524 | 9.999204 | | 8.782320 | 11.217680 | 32 
29 | 8.78360; | 9.999197 8.784408 11.215592 | 31 
30 | 8.785675 | 9.999189 | | 8.786486 | 11.213514 | 30 
| Co-fine, | Sine. | n  Co-tang. | Tangent. | M 
1 | Degree 86. 
— ne meme ens —— 
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The Table of Sines and Tangents. 
Degree . 

MI Sine. | Co-fine, | | Tangent. | CG gg.. 
[301 8.785675 9.999189 | | 8.786486 | 11.213514 | 30 
31 [8.78773 8.787746 | 9.999181 | | 8.788554 | 11,211446 | 29 
32 | 8.789787 | 9.999174 | | 8,790613 | 11.209387 | 28 
33] 8. 791823 9.999166 | | 8.792662 | 11.207338 | 27 
34 | 8. 8.793859 9-999158 | | 8.794701 | 11.205299 | 26 
35 | 8.795881 | 9.999150 | | 8.796731 | 11.203269 | 25 
36 | 8.797894 | 9.999142 | | 8.798752 | 11.201248 | 24 
37 | 8.799897 | 9999134 | | 8.800763 | 11.199237 | 23 
38 | 8.801891 | 9.999126 |. | 8. 902565 11.197235] 22 
39 | 8.803876 | 9.999118 | | 8.804758 11.195242 | 21 
40 | 8.805852 | 9.999110 | | 8.806742 | 11.193258 | 20 

41 | 8.807819 | 9.999102 | | 8.808717 | 11.191283 | 1 
42 | 8.809777 | 9. 8.810683 | 11,189317 | 1 
43 | 8.811726 | 9.9990 f 8.812641 | 11.187359 | 17: 
44 | 8.813667 | 9.999077 8.814589 | 11.185411 | 16 
45 | 8-815598 | 9.999 8.816529 | 11.183471 | 15 
46 8.817522 9.999061 | [ 8. 21846: | 11.181539 | 14 
47 | 8.819436 | 9.999052 3.382038 4 11,179616 | 13 
48 | 8.821342 | 9.999044 8.822298 | 11,177702 | 12 
49 8.823240 9.999036 | | 8.824205 | 11.175795 | 11 
50 | 8.825130 | 9.999027 | | 8.826103 | 11.173897 | 10 
51 | 8.827011 | 9.999019 | | 8.827992 | 11,172008 | 9 
52 | 8.828884 | 9.999010 | | 8.829874 | 11.170126| 8 
53 | 8.830749 | 9.999002 | | 8.831748 | 11.168252| 7 
54 | 8.832606 | 9.998993 8.833613 | 11.166387 | 6 
55 | 8.834456 | 9.998984 | | 8.835471 | 11.164529} 5 
56 8.836297 9.998976 8.837321 | 11.162679 4 
57 | 8.838130 | 9. 7 | | 8.839163 | 11.160837 | 3 
58 | 8.839956 | 9.998958 | | 8.840998 | 11.159002| 2 
| 59 | 8341774 | 9998950 | | 9.842525 | 11.157175 } I 
50 | 8.843585 | 9.998951 | | 8.844644 | 11. 1553556 © 
|| Coane | Sine. | | Co-rang. | Tangent M 
Degree 86. 


The Table of Sines and Tangents. 
—— 
M | Sine. Co-fine. | | Tangent. | Co-tang. 
© | 8843584 | 9.998941 | | 8.844644 | 11-155356 | 60 
1 | 8.845387 | 9.998931 8.540455 11.153545 [59 
2 | 8.847183 | 9.998923 8.848256 | 11.151740 | 58 
138848971 9.998914 | | 8.850057 | 11.149943 | 57 
4 | 8.850751 | 9.998905 8.851846 | 11.148154 | 56 
5 | 8.852525 | 9.998896 | | 8.853628 | 11.146372 | 55 
6 | 8.854291 | 9.998887 | | 8.855403 | 11.144597 | 54 
| 7 | 8.856049 | 9.998878 | | 8.857171 | 11.142829 | 53 
8 | 8:857801 | 9,9988 8.858932 | 11.141068 | 52 
9 | 8.859546 | 9.998860 | | &£860686 | 11.139314 | 51 | 
10 8 861283 | 9.998851 8.862433 11.137567 | 50 
[11 | 8.863014 | 9.998841 | | 8.864173 | 11.135827 | 49| 
12 | 8.864738 | 9.998832 8.865906 [11.134094 48 
(13 | 8.866454 | 9.998823 8.867632 | 11.132368 | 47 
14 | 8.868165 | 9.998813 | | 8.869351 | 11.130649 | 46 
|15 | 8.869868 | 9.998804. 8.871064 | 11.128936 | 45 
116 | 8.871565 | 9.998795 8.872770 | 11.127230 44 
117 | 8-873255 | 9.998785 | | 8.874469 | 11 125531 | 43 
18 | 8.874938 | 9.998776 8.876162 | 11.123838 | 42 
19 | 8.876615 | 9.998766 8.877849] 11.122151 | 41 
20 | 8.878285 | 9.998757 8.879529 | 11.120471 | 40 
21 | 8.879949 | 9.998747 8.881202 | 11.118798 | 39 
j 22 | 8.881607 | 9.998738 8.882869 | 11.117131 | 38 
23 | 8.883258 | 9.998728 8.884530 | 11.115470 | 37 
| 24 | 8.884903 | 9.998718 | | 8.886185 | 11.113815 | 36 
| 25 | 8.886542 | 9.998708 8.887833 | 11.112167 | 35 
126 | 8.388174 | 9.998699 8.889476 | 11.110524 | 34 
1278.889801 9.998689 8.891112 | 11.108888 | 33 
28 | 8.891421 | 9.998679 | | 8.892742 | 11.107258 | 32 
129 | 8.893035 | 9.998669 8.894366 | 11.105634 | 31 
30 8.894643 | 9.998659 8.895984 | 11.104016 | 30 
| Co-fine, | Sine. | | Co-tang. | Tangent. | M 
, Degree 85. 
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Jie 7 able of Sines and Tangents. 


( — 


Degree 4. 


ded 


M | Sine. | Co-fine. | | Tangent. | Co-tang. | MM 


 3o | 8.894643 | 9:998659 | | 8.895984 | 1.104010 | 30 


31 8.896246 | 9.998649 8.897596 | 11.102404 | 29 
32 | 8.897842 | 9.998039 8.899203 | 11.100797 | 25 
33 | 8.899432 | 9.998629 8.900803 | 11.099197 | 27 
34 | 8.901017 | 9.998619 8.902398 11.097602 26 
35 | 8.902596 | 9.998609 8.903987 | 11.096013 | 25 
36 | 8.904169 9.998599 | 8.995570 | 11094439 | "+ 
37 | 8.905736 | 9.998589 | | 8.907147 | 11092353 | 23 
38 | 8.907297 | 9:998577 8.908719 | 11.091281 22 
| 39 | 8.908853 | 9.998568 8.910285. | 11.089715 | 21] 
4140 | 8.910404 | 9.998555 8.911846 | 11.088154 | 20 
j 41 | 8.911949 | 9.998548 8.91 3401 | 11.086599 | 19. 
142 | 8.913488 | 9.998537 | | 8.914951 | 11-085049 18 
4318.915022 9.998527 | 8.916495 11.083505 | 17 
14 8.9165 50 9.998516 | 8.918034 11.081966 16 
145 8.918073 | 9.998506 | | 8.919568 | 11.080432 | 15 
1468.919591 | 9.998495 | | 8.921096 11.078904 14 
4718.921103 9.998485 8.922619 | 11.077381 
| 48 | 8.922610 | 9.998474 8.924136 | 11.075864 
49 8.924112 9.998464 | | 8.925049 | 11074351 | 7 
| 50 | 8.925609 | 9.998453 | | 8.927156 | 11072544 10 
51 | 8.927100 | 9.998442 8.928658 | 11.071342 
| 52 | 8.928587 | 9.998431 8.930155 [11.069845 | 
| 53 8.930068 | 9.998421 8.931647 | 11.068353 ' 
54 | 8.931544 | 9:999410 8.933134 | 11.066866 | 6 
| 55 | 8.933015 | 9.998399 | | 8.934616 | 11005334 | 5 
k | — 
| 56 8.934481 | 9.998388 | | 8.936093 | 11.063907 
57 | 8.935942 | 9:998377 | | 8.937565 | 1.562438 
58 | 8.937398 | 9.998366 8.939932 | 11.060968 
| 59 1 9.998355 8.940494 11.059506 
60 8.940296 | 9,998 344 8.941952 | 11.058048 | © 
| Co-fine. | Sine. | | Co-rtang. | Tangent. M 


a 


— ___ 


Degree 85. 


— 


Es 


— — — 


The Table of Sines and Tangents. 


— 


Degree 5. 


MI Sine, | Oe. | | Tangent. | Co-tang. | 


— 


o | 8.940296 | 9'998344 | | 8.941952 | 11,058048 | bo 


_— 


* 


— At th. ls 


——_— 


| 8.941738 9.998333 | 8.943404 | 11.056596 | 59 
| 8.943174 | 9.998322 | 8.944852 11.055148 | 58 
8.944606 | 9.998311 | | 8.946295 | 1.053705 | 57 
| 8.946034 | 9.998300 | | 8-947734 | 11052266 | 56 
8.947456 | 9.998289 | | 8.949168 | 11.050832 | 55 
8.948874 | 9.998277 | | 8.950597 | 11.049493 | 54 
8.950287 | 9.998266 8.952021 | 11.047979 | 53 
95¹ 9.998255 | | $-953441 | 11-046559 | 52 
8.953099 | 9-998243 | | 3.954856 | 11.045144 | 51 
954499 | 9-998232 | | 8.956267 | 11.043733 | 50/ 
8.955894 | 9.998220 8.957674 | 11.042326 2 
8.957284 | 9.998209 | | 8.959075 | 11.040925 48 
8.958670 | 9.998197 | | 8.960473 | 11.039527 | 47 | 
8.960052 | 9.998186 | 8.961866 1.038134 45 
8.961429 | 9-998174 | 8.963254 11.036746 | 45 
8.962801 | 9.998163 8.964639 | 11.035361 | 44 | 
8.964170 | 9.998151 | 8.966019 11.033981 | 43 
8.905534 | 9-998139 | | 8.967394 | 11.032606 | 42 
8.966893 | 9.998128 8.968766 | 11.031234 | 41, 
8.968249 | 9.998116 | | 8.970133 | 11.029867 | 40 
8.969600 9.998104 8.971495 | 11.0a8505 | 39 
8.970947 | 9-998092 8.972855 11.027145 | 38 
8.972289 | 9.998080 8.974209 | 11.025791 | 37 
8.973626 | 9.998068 | | 8.975560 | 11.024440 | 36 
| 8974962 | 9-998056 | | 8.976906 | 11.023094 | 35 
| 8.970293 9.998044 8.978248 11,021752 | 34 
8.977619 | 9.998032 8.979586 | 11,020414 | 33 
8.978941 | 9.998020 8.980921 | 11.019079 | 34 
8.980259 | 9.998008 | | 8.982251 | 11.017749 | 31 
© | 8.981573 | 9.997996 | | 8.983577 | 11.016423 | 30 
| Co-fine. | Sine. | | Co-targ. | Tangent. | M | 
Degree 84. 


2 


| The Table of Sines and Tangents. 
| ö Degree 5. 
M | Sine. | Co-fine. | | Tangent. | Co-tang. 
30 | 8.981573 | 9.997996 | | 8.983577 | 11.016423 | 30 
31 | 8.982883 | 9.997984 4 | 8.984899 | 11.015101 | 29 
32 | 8.984189 | 9.997971 8.986217 | 11.013783 | 28 
33 | 8.983491 | 9.997959 | | 8.987532 | 11.012468 | 27 
34 | 8.986789 | 9.997947 | | 8.988842 | 11.011158 | 26 
35 | 8.988083 | 9.997935 | | 8.990149 | 11009851 | 25 
35 | 8.989374 | 9.997922 | | 8.991451 | 11.008549 | 24 
37 | 3.990060 | 9.997910 | | 8.992750 | 11.007250 | 23 
38 | 8.991943 | 9.997897 | | 8.994045 | 11.005955 | 22 
39 | 8.993222 9.997885 | | 8.995337 | 11.004663 | 21 
40 | 8 994497 9.997873 | 8.996624 | 11.003376 | 20 
41 | 8.995768 9.997860 | 8.997 908 11.002092 19 
| 42 | 8.997036 | 9.997847 | | 8.999188 [11.000812 | 18 |. 
| 43 8.998299 9.997835 | 9.000465 | 10.999535 | 17 
| 44 | 8.999560 | 9.997822 9.001738 | 10.998262, | 16 
45 | 9000816 | 9.997809 | | 9.003007 | 10.996993 | 15 | 
46 | 9.092069 | 9.997797 | | 9.004272 | 10.995728 | 14 
47 | 9.003318 |'9.997784 | þ 9.005534 | 10.994466 | 13 
48 9004563. 97997771 9.006792 10.993206 | 12 
49 | 9.003805 | 9.997758-5 | 9.008047 | 10.991953 | 11 
| 50 | 9-007044 | 9-997745 | | 9-009298 | 10.990702 | 10 
51 | 9.008278 | 9.997732 | | 9.010546 | 10.989454 | 9 
52 | 9.009510 | 9.997719 | | 9.011790 | 10.988210 | 8 
53 | 9-010737 | 9.997706 | | 9.013031 | 10.986969 7 
54 | 9.011962 | 9.997693 9.014298 | 10.985732 | 6 
55 | 9.013182 | 9.997680 | 9.015502 10.984498 | 5 | 
56 | 9.014.399 | 9.997667 7527575 10.983268 4]. 
57 | 9.015613 | 9.997654 | | 9.017959 | 10.982041] 3 
58 | 9.016824 | 9.997641 | | 9.019183 | 10.980817 | 2 
59 | 9.018031 | 9.997628 | 9.020403 10.979597 
60 | 9.019235 | 9.997614 | 9.021620 10.978380 © 
I Co-fne. | Sine. | | Co-rarg. | Tangent. | M 
2 : ; Degree £4. 


= 


LH. 


The Table of Sines and Tangent. 


Degree 6. 


M | Sine. | Co-fine. | | Tangent. | Co-tang. | 


© | 6.019235 | 9.597614 | | 9.021620 | 10.978380 | 60 


— — ans 


Ny Degree 83. 


* . 


— 


. * * 2 


— 


| 


1 | 9.020435 9-997601 | | 9.022834 | 10.977166 | 59 
2 | 9.021632 | 9.997588 9.024044 | 10.975950 | 58 
| 3 | 9.022825 | 9.997574 | | 9.025251 | 10.974749 | 57 
4 | 9.024016 | 9.997561 | | 9.026455 | 10.973545 | 56 
5 | 9.025203 | 9.997548 | | 9.027655 | 10.972345 | 58 
6 9.026386 9.97534 9.028852 | 10.971148 54 
7 | 9-027567 | 9.597520 | | 9030046 | 10.969954 | 53 
8 | 9.028744 | 9:997507 | | 9-031237 [10.9687 | 52 
99.029 18 | 9.957493 | 9.032425 | 10.967575 | 51 
10 | 9.031089 | 9.997480 9.033609 f 10.966391 | 50 
11 | 9.032257 | 9.997466 | | 9.034791 | 10.965209 | 49 
12 | 9.033421 9.997452 9.035969 10.904031 | 48 
13 9.034582 9.997439 | 9-037144 | 10.962856 | 47 
14 | 9:-035741 | 9:997425 | | 9.038416 | 10.961684 46 
15 9.036896 | 9.997411 | | 9.039485 | 10.960515 | 45 
16 | 9.038048 | 9.997397 | 9.04065 | 10.959349 | 44 | 
17 | 9 039197 | 9.997383 9.041813 10.958187 } 43 | 
18 | 9.040342 | 9.997369 | | 9.042973 | 10.957027 | 42 
19 | 9.041485 9.997355 | 9.044130 | 10.955870 | 41 
zo | 9.042625 | 9.997341 | | 9.045284 | 10.954716 | 40 
| 21 | 9.043762 | 9.997327 | | 9.046434 | 10.953566 32 
22 | 9.044895 | 9.997313 9.947582 | 10.952418 | 38 
23 | 9.046026 | 9.997299 | | 9.048727 | 10.951273 | 37 | 
24 | 9.047154 | 9.997285 | 9.049869 | 10.950131 | 36 
25 | 9.048279 | 9.997271 | 9.051008 10.948992 | 35 | 
26 | 9.049400 | 9.997250 | | 9.052144 | 10.947856 | 34 | 
27 | 9-050519 | 9.997242 | | 9:053277 | 10.946723 | 33 
28 | 9.051635 | 9.997228 | | 9.054408 | 10.945593 | 32 
129 | 9:952749 | 9:997214 | | 9055535 | 10947465 | 31 
30 | 9.053859 | 9.997199 | | 9.056660 | 10.943340 | 30 

Corn. Sine. | | Co-tang. | Tangent. M 


The Table of Sines and Tangents. 


* 
3 
o 
, 


Co-tang. 1 


30 9.053859 | 9.997199 |. | 9.056660 | 10:943349 | 30 


(H2] 


31 | 9.054965 | 9:997185 | | 9.057781 | 10.942219 29, 
32 | 9.056071 | 9.997170 | | 9.058900 | 10.941100 | 28; 
33 | 9-057172 | 9.997156 | 9.060016 | 10.939984 | 27 
| 34] 9-058271 | 9.997141 | | 9.061130 | 10.938870 26} 
| 35 1 9:959367 | 9:997127 | | 9.062240 | 10.937760 | 25 
36 | 9.060460 | 9.997112 | | 9.063348 | 10.936652 | 24 
379061551 9.997098 | | 9.064453 | 10.935547 | 23 
38 | 9.062638 | 9.997083 9.005550 10.934444 22 
39 | 9.063723 9.997068 9.066655 | 10.933345 21 
40 9.064806 | 9.997053 | | 9.067752 | 10.932248 | 20 

41 | 9.065885 | 9.997039 |' | 9:068847 | 10.931153 | 19 

429.0669629. 99 7 | 9.069938 | 10.930062 | 18 | 
43 | 9:068036 | 9.997009 | [9.071027 |. 10.928973 | 17 
44 | 9.069107 | 9.996994 | | 9.072113, 10.927887 | 16} 
45 | 9:070176-| 9.996979.| | 9.073197 | 10.926803 | 15 

46 9.071242 9.996964 | 9:074278 | 10.925722 | 14 

47 | 9-072306 | 9.996949 | | 9.075356 | 10.924644 | 13 

48 | 9.073366 | 9.996934 | | 9.076432 | 10:923568 | 12 

49 | 9.074424 9.996919 | 9-077505 | 10.922495 | 11 

50 | 9.975480 | 9996994 | | 9.078576 | 10.921424 | 10. 
51 | 9.076533 | 9.996889 | | 9.079644 | 10.920356 | 9 
52 | 9.077583 | 9:990874, 9.080710 | 10.919290 | 8 

53 | 9-078631 | 9.996858 | | 9.081773 | 10.918227 | 7 
54 | 9-079676 | 9.996843 | | 9.082833 | 10.917167 | 6 

55 | 9 080719 |. 9.996828 | | 9.083891 | 10.916109 | 5 

56 | g.081759 | 9.996812 | | 9.084947 | 10.915053 | 4 

57 9.082797 9.996797 9.085999 | 10914000 | 3 

58 | 9:083832 | 9.996782 | | 9.087050 | 10.912950 | 2 

39 | 9.084864 | 9.996766 |* | 9.088098 | 10.911902 | 1 

60 | 9.085894 9996751 | 9.089144 | 10.910856 | © 

| Co-fne. | Sine. | | Co-rang. | Tangent. II 

| Degree 83. 8 
1 EA | 


. — TE TEES 


_— 
— 


"The Table of Sines and 7. w—_— 


I. Loe. fine. e. | £ Sine. Lk Co-tang. [7 Tangent. 1 


” Degree 82. 


Degree 7. 

Mu Sine. Oe. | | Tangent. | Co-rang. || 

o | 9.085894 | 9.996751 | | 9.089144 | 10.910856 | bo 
1 | 9.086922 | 9.996735 | | 9.090187 | 10.969613 | 59 | 
2 | 9.087947 | 9.996720 9.091228 | 10.908772 | 58 
3 | 9088970 | 9.996704 | | 9.092266 19.907734 $71 
49089990 9.996688 9.093302 2856 
5 | 9.691008 9.996673 9094336 10.903664 55| 
6 | 9.092024 | 9.996657 | | 9.095367 0.904033 | 54 | 
7 | 9:093937 | 9.996641 | | 9.096395 | 10.903604 53 
8 | 9.094047 | 9-996625 | | 9.097422 | 10. 902578 | 52 
9 | 9.095056 | 9.996610 | | 9.098446 | 10.901554 | 51 
10 | 9.096062 | 9.996594 | | 9-0994 ; 10:900532 | 50 
11 | 9:699065 | 9.999578 | | 9.100487 10.899513 

12 | 9.098066 | 9.996562 9.101504 10.898496 18 
13 | 9.099065 9999546 9.102519 10.897481 l 47 
1419. 100062 9-990 530 | | 9.103532 | ro:896468 46 
15 | 9.101056 | 9.996514 | | 9.104542 [10.895458 | 45 
16 | 9.102048 | 9.996498 | | 9.105550 | 10:894450 | 44 
17 | 9.103037 | 9.996482 | | 9.106956 | 10.893444 | 43. 
18 | 9.104025 | 9.996465 | | 9.105559 | 10.892441 | 42 
19 9.105010 9.996449 9.108560 | 10.891440 41 
20 | 9.105992 | 9996433 | | 9.109559 | 10.890441 | 40 
21 | 9.106973 | 9.996417 | | 9.110556 | 10.889444 | 39 
22 | 9.107951 | 9.996400 | | 9.111551 | 10.888449 | 38 
z3 | 9.108927 | 9.996384 | | 9.112543 | 10.887457 | 37, 
24 | 9. 109901 9.99636 9.113533 | 10.886467 36 
25 | 9.110873 | 9.996357 | | 9-114521 | 10:885478 | 35 
26 | 9.111842 | 9:996335 | | 9.115507 10.884493 34 
27 | 9.112809 | 9.996318 9.116491 10.883509 | 33 
28 | 9.113774 9.996302 | 9.117472 | 10.882528 | 32 
29 | 9.114737 | 9.996285 | | 9.118452 | 10.881548 | 31 þ 
30 | 9.115698 19.996269 9.119429 | I« | 10.880571 | 30 


[ 
[ 
I 


7 


» — IE 


T be T. able of Fuer and 7 angents. ; 


Degree 7. 


M | Sine. | Co-five. | | Tangent. | Co-teng. | 


30 | 9.115698 | 9.996269 | | 9.119429 | 10.880571 | 30 | 


31 | 9.116656 | 9.996252 | 9.120404 | 10.879596 | 29 
32 | 9.117612 | 9.996235 9.121377 | 10.878623 | 28 
33 | 9.118567 19.996218 | 9.122348 10 87765 ꝛ | 27 
34 | 9.119519 9.996202 | | 9.123317 [10.870683 26 
35 | 9120469 | 9.996185 | | 9.124284 | 19.875715 | 25, 
36 | 9.121417 | 9.996168 9.125248 10.874751 24 
37 | 9.122362 | 9.999151 9.120211 | 10.873789 | 23 
38 | 9.123306 | 9.996134 | | 9.127172 | 10 872828 | 22 
39 9.124248 | 9.996117 | | 9.128130 | 10.871870 | 21 
40 | 9.125187 | 9.996100 9.129087 10.870913 | 20 
41 | 9.126125 | 9.996083 | | 9.130041 | 10.869959 | 19 
42 | 9.127060 | 9.996066 | | 9.130994 | 19.869006 | 18 
43 | 9-127993 9.996049 , | 9.131944 10.868056 | 17 
44 | 9-128925 | 9.996032 | | 9.132893 | 10.867107 | 16 
45 | 9-129854 | 9.99901 5 | 9.133839 10. 85616115 
46 9.130781 J 9.995998 | | 9.134784 | 10.855216 | 14 
47 9.131706 9.993980 | | 9.135726 | 10.864274 | 13 
48 | 9.132630 | 9.995963 | | 9136666 10. 86333412 
4199.133551 9.995940 9.137605 10.882395 | 11 
50 | 9.134479 | 9.995928 | | 9.138542 | 10.861458 | 10 
51 | 9.135387 | 9.995911 | | 9.139476 10.890324] 9 
52 | 9.136303 | 9.993394 | | 9.149409 | 10.859591 | 8 
53 | 9.137216 | 9.995876 9.141340 10.858860 7 
54 | 9138127 | 9.995359 | | 9.142259 10.857231 6 
55 | 9-139937 | 9.995941 | 9.143199 10.856804 5 
| 56 | 9.139944 | 9.995824 | | 9.144121 0.855879 | 4 
57 9.140850 9.995800 | | 9.145944 | 10.854956 | 3; 
38 | 9.141754 | 9995788 | | 9.145965 | 10.854035 | 2 
39 | 9.142655 9.995770 9.140385 | 10.853115] 1 
60 | 9.142555 1 9.995753 | | 9.147803 | 10.852197 | 0 
o. | Sine. | | Co-rang. | Tangent. | M. 


i 


Degree 82. 


| The Table of Sines and Tangents. 
| 
EMH Degree 8. | 1 
7 2 Sine. | Co-fine. | | Tangent. F 2 | 
| 1 9-143555 9995753 | | 9-147803 | 10.852197 | 60 
| = | 9144453 | 9995735 | [9.148718 |10.851282 | 59 
2 | 9.145349 | 9-995717 | | 9:149632 | 10.850368 | 58 
39.146243 | 9-995699 | | 9.159544 | 10.849456 | 57 
4 | 9-147136 | 9.995681 | | 9.151454 | 10.848546 | 56 
5 | 9-148026 | 9.995664 | | 9.152363 | 10.847637 | 55 ] 
69.148915 | 9:995646 | | 9.153269 | 10.846731 | 54 
7 | 9.149801 9.995628 9.154174 | 10.845826 | 53 
8 | 9.150686 | 9.995610 9.155077 | 10.844923 | 52 
9 | 9151569 | 94995591 | | 9.155978 | 10.844022 | 51 
lo | 9-152451 | 9:995573 | | 9150877 | 10.843123 | 50. 
11 | 9.153330 | 9.995555 | | 9-157775 | 10.842225 49 
12 | 9-154208 | 9.995537 | | 9.158671 | 10.841329 | 4 
13 | 9.155083 | 9.995519 9-159965 | 10.840435 | 47 
14 9-155957 | 9.995591 | 9.268457 | 10.839543 | 46 
15 | 9.156830 | 9.995482 | 9.61347 | 10.838653 | 45 
16 | 9.157700 | 9.995464 | | 9.162236 | 10.837764 | 44 | 
17 | 9-158569 | 9.995446 | | 9.163123 | 10.836877 | 43 
18 | 9.159436 | 9.995427 | | 9-164008 | 10.835992 | 42 | 
19 9. 160301 9.995409 9.164892 | 10.835108 | 41 
þ 9.161164 | 9.995390 | | 9.165773 | 10.834226 | 4 
25 9.162025 | 9.995372 9.166654 | 10.833346 | 39 
22 | 9.162885 | 9.995353 9.167532 | 10.832468 | 38 
23 | 9-163743 | 9-995334 | | 9.168409 | 10.831591 | 37 
24 | 9.164600 | 9.995316 9.169284. | 10.830716 | 36 
25 | 9.165454 | 9-995297 | | 9-170157 | 10.829843 | 35 
26 | 9. ge 9.995278 | | 9.171029 | 10.828971 | 34 
27 | 9.167 9.995200 | | 9.171899 | 10.828101 | 33 
28 . — 9.995241] | 9.172767 | 10.827233 32 
29 | 9.168856 | 9.995222 9.173034 | 10.826366 | 31 
30 | 9.169702 | 9.995203 | | 9.174499 | 10.825501 | 30 
. ine. Sine. | | Co-tang. | Tangent. | M 
m_ Degree 81. > 


? 

q 7 : 
$ 
$ 


The Table of Sines and Tangents. 

125 Degree 8. | 
E Sine. OG. us.. Tangent: [ Corang. Fo | 
130 | 9.169702 | 9.995203 | | 9.174499 | 10825501 | 30 || 
31 | 9.170546 | 9.995184 | | 9.175362 | 10.824638 | 29 | 
'32 | 9.171389 | 9.99516 176224 | 10.823776 | 28 |; 
FE [{ HL7 CT YLG | renne 377 + 
33 | 9-172230 | 9.995146 | | 9.176084 | 10.822916 | 27 
34 | 9173070 | 9.995127 | | 9.177942 | 10822057 | 26 | 
35 | 9-173908 | 9.995108 9.178799 | 10.821201 | 25 
36 | 9-174744 | 9-995089 | | 9.179655 | 10.820345 | 24 | 
37 | 9-175578 | 9.995070 9.150505 | 10.819492 | 23 | 
38 | 9.176411 | 9.995051 9.181360 | 10.818640 | 22 | 
39 | 9.177242 | 9.995032 | | 9. 182211 | 10.817789 | 21 | 
[40 | 9.178072 | 9.995012 | | 9.183050 | 10.816940 20 | 
41 | 9.178900 | 9.994993 | | 9.183907 10.816093 19 
{ 42 9.179726 | 9.994974 | | 9.184752 | 10:815248 18 
43 | 9.180551 | 9.994955 | 9.185597 [10.814403 17 
44 9-181374 9.994935 9.188439 | 10.813561 | 16] 
| 45 9.182196 9.999916 | | 9.187280 | 10.812720 | I5 
[49 9.183016 | 9.994896 | | 9.188120 | 10.811880 | 14 
[47 | 9133334 | 9.994876 | | 9.188957 | 10.811042 | 13} 
148 | 9.184651 | 9.994857 | | 9. 189794 10.810206 | 12 
1499.185466 9.994838 | | 9.190629 | 10.809371 | 11 | 
| 52 | 9.186280 | 9,994818 9.191462 | 10.808538 | 10. 
{51 | 9.187092 | 9.994798 | | 9.192294 | 10.807706'| 9 
| 52 9.187903 9.994779 | 9.193124 | 10.800875 | 8 
153 | 9-188712 | 9.994759 | | 9-193953 | 10.80te47 | 7] 
54 | 9-189519 | 9:994739 | | 9-194780 | 10805220 | 6 
[55 | 9-190325 | 9:994719 | | 9 195506 | 10.804394 | 5 
56 | 9.191130 | 9.994699 | | 9.196430 | 10.803569| 4 
57 9.191933 9-994080 | | 9.197253 | 10.802747 | 3] 
58 | 9.192734 | 9.994660 | | 9.198674 | 10.801926| 2 
59 | 9193534 | 9.994640 | 9.198894 | 10.801106| 1} 
60 9.194332 | 9.994620 | | 9.199712 | 10.800287 | © 

| Co-fine, | Sine, | | Co-targ. | Tangent. | NM 
3s Degree 81. =Y 
—— — — — 
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Degree 9. 


The Table of Sines and Tangents. 


” Y 4 . 


M | Sine. | Ce. | | Tangent. |. CY 


_ © | 9.194332 | 9.994620 | | 9.199712 | 10.800287 | 60 


x | 9.195129 | 9.994600 | | 9.200529 | 10.799470 | 59 
2 | 9.195925 | 9.994580 | | 9.201345 | 10.798655 | 58 
3] 9-196718 | 9.994560 | | 9.202159 | 10.797841 | 57 
| 4 | 9197511 | 9.994540 | | 9.202971 | 10.797029 | 56 
5 | 9.198302 | 9.994519 9.203782 | 10.796218 | 55 
6 | 9-199091 | 9-994499 } | 9-204592 10.795408 54 
7 | 9199879 | 9:994479 | | 9-205400 10. 7946 53 
| 8 | 9-200666 | 9.994459 | | 9.206207 | 10.793793 | 52 
9 | 9201451 | 9:994438 | | 9.207013 | 10.792987 | 51 
10 | 9.202234 | 9-994418 9.207817 | 10.792183 50 
22 9.203017 | 9.994398 9.208619 | 10.791381 49 
12 | 9-203797 | 9-994377 | 9.209420 | 10.790580 | 48 
13 | 9-204577 | 9-994357 | | 9-210220 | 10. 789780 | 47 
1149.205354 9.994336 | | 9.211018 | 10.788982 | 46 
15 | 9.206131 | 9.994316 | | 9.211815 | 10.788185 | 45 
16 | 9.206906 | 9.994295 9.212611 | 10.787389 | 44 
17 | 9-207079 | 9.994274 | | 9.213405 | 10.786595 | 43 
18 | 9.208452 | 9.994254 9-214198 | 10.785802 | 42 
19 | 9.209222 | 9.994233 9.214989 | 10.788011 4 
20 | 9.209992 | 9.994212 9.215780 | 10.784220 | 40 
21 | 9.210760 | 9.994191 9.216568 | 10.783432 39 
| 22 9.211526 | 9.994171 9.217356 | 10.782644 | 38 
23 | 9.212291 | 9.994150 9.218142 | 10.781858 | 37 
| 24 | 9.213055 | 9.994129 | 9.218926 | 10.781074 | 36 
25 | 9.213818 | 9.994108 | | 9.219710 | 10.780290 | 35 
26 | 9.214579 | 9.994987 | | 9.220491 | 10.779508 | 34 
27 | 9.215338 | 9.994006 9.221272 | 10.778728 | 33 
28 | 9.210097 | 9.994044 9.222052 | 10.777948 | 32 
29 | 9.216854 , 9.994024 9.222830 | 10.777170 | 31 
30 | 9.217609 | 9.994003 | | 9.223607 | 10.776393 | 30 
| Co-fine | Sine. | | Co-tang. | Tangent. | M 
— 4 — —— 


Degree 80. n 
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. Table * dare and Tangent, 
— — — — ** 
| = 9. | ! 
M | Sine. "Gola | | | Tangent, | Co-tang. | ©: 
l — 
30 9277559 an 9.223607 7 10.775393 2 
31 | 9.218363 | 9.993992 | 92243855 e 
32 | 9-219116 9:993900 | 9.225156 | 104774844 |, 
33 | 9-219868 | 9.993939 | | 9.225929 | 10.774071 | 
34 | 9-220618 | 9.993918 | | 9.226700 10.23 30⁰ 
35 | 9-221367 | 9:993897 | | 9-227471 | 10.222829 
36 | 9.222115 | 9:993875 | | 9.228240, 10.7776 —5 
37 | 9.222861 9.993854 [9.229007 10.7099 
38 | 9.223606 | 9.993832 | 521% 20. 258 
39 | 9.224349 9-993811 | | 9.230539 | 10. 4-10 
| 49 | 9-225992 | 9.994789 |, | 9231992 | 10.7680g8 | 
141 | 9225333 | 9.993768] | 9232005" — | 
142 | 9-226573 | 9-993746 | | 9:232826 | 10767174 | 13! 
4319.222311 ro ra 9.233580 | 19-7 766414 
144 ] 9:22 9.993703 925 19.7 95055 11 
[45 | 9:228784 | 9.993681 | 9.841878. 
4619.239518 | 9-993560 |] | 9235859 | 10: 76414771 
147 | 9.230252 9.993638 5 236614 19.763386 
48 9.230984 9.993616 3215 1 19.762532 
18 9.231715 9.993594 | 10.761880 1] 
150 | 9-232444 | 9.923572 3 2385 72 | . 
| —ů — — — 
55 9233173 | 9-993550 | 9.23922 | 
3329.233899 9-993528 | 9.240371 10. 759579 
$3 9.234625 9.993506 | 9.241118 | 1.758882 
+ | 5235349 | 9-993484 | | 9:241865 | 19:758135 
$5 | 9.236073 | 9.993462 | | 9.242610 | 10-757390] 5 
56 | 9:236795 | 9:9934490 | | 9243354] 10:736040 14 
$7 | 9237515 | 9:993418 | | 9:244997 | 2559523 3 
158 | 9.238235 | 9-993396 | | 9-244839 | 19-7551601]. 2 
159 | 9:238952 | 9-993374; 9245579 10.754421 
9.232570 — 9.245319 | 10.753081 [0 
f | Co-fane. | Sine | | — | RE IE 
—— — =P Bo. — — 1 
DD ñ1 üͤ1 — — — — 


PI 2. 


The Table of Sines and Tangents. ] 
C - 
[M | Sine. | Oger. | | Tangent. | Co-tang. | - 
812.2952 | 9-993351 | | 9246319 | 10.753681 | 60 | 
bs 9.240386 | 9.993329 | | 9.247057 | 10.752943 | 59 

9.241101 | 9.993307 | | 9.247794 10.752206 58] 
| 3 9.241814 | 9.993284 9.248530 | 10.751470| 57} 
'| 4 | 9.24252 | 9.993262 | 9-249264 | 10.750736 | 56 
|_5 | 9:243237 | 9:993240 | | 9.249998 | 10.750002 | 55 | 
'6 | 9:243947 | 9:993117 | | 9:250730 | 10.749270 | 54| 
| 7 | 9244055 | 9:993195 [9.251461 10.748539 | 53 
89.245363 9:993172 | | 9.252191 | 10.747809 | 52 
| 9 | 9240070 | 9.993149 | | 9.252920 | 10.747080 | 51 
| 10 | 9.246775 | 9:993127 | | 9.253648 | 10.746352 50 
|: | 9:247478 | 9:993104 | | 9.254374 | 10.748626 49 
1129.248181 9.993081 | | 9.255100 10.744900 | 48 
[3 | 9-248883 | 9.993059 | | 9-255824 10.744776 | 47 
14 | 9-249583 | 9.993035 | 9-250547 10.743453 | 46 
| 5 9.250282 | 9.993013 | | 9.257269 10.742731 | 45 
| 16 | 9.250980 | 9.992990 | | 9.257990 | 10.742010 | 44 
{17 | 9-251677 | 9.992967 | | 9.258710 | 10.741290 | 43 
(78 | 9-252373 | 9.992944] | 9:259429 | 10.740571 | 42 
4199.253067 9.992921 8 10. 739854 41 
o 9-253761 | 9.992898 | 9.260863 | 10.739137 | 40 
y=1 | 9-254453 | 9992875 | | 9.261578 | 10.738422 | 39 
22 9-255144 | 9-992852 9.262292 | 10.737708 | 38 
{23 | 9-255834-| 91992829 | | 9.263005 | 10.736995 | 37 | 
| 24 | 9.256523 | 9.992806 9.263777 10.736283 | 36 
25 | 9-257211 | 9.992783 9.264428 1.735572 1.35] 
26 | 9.257898 | 9.992759 9.265138 | 10.734862-| 34 
27 9.258583 9.992736 | | 9.265847 | 10.734153 | 33 
28 | 9.259268 | 9.992713 | | 9.266555 | 10.733445 | 32| 
29 | 9-259951 | 9.992690 | | 9.26726r | 10.732739 | 31 
[.3 | 9.260633 | 9.992666 | | 9.267967 | 10.732033 | 30 
| | C-/re. _ | _ Sine. | | Co-rang. | Tangent. | M 
2 — Degree 79. 5 cs 1 


The Table of Sines and Tangents. 
7 ; Degree 10. _ 
M | Sine. | Co-fine. | | Tangent. | Co-tang. | ? 
30 | 9.260633 | 9.992666 | | 9.267957 19.232833 2 
31 | 9.261314 9.992643 | 9.268671 | 10.731329 29 
32 | 9-251994 | 9.992619 | | 9.269375 | 10.730025 | 28, 
33 9.262673 9.992596 | | 9.270077 10.729923 | 27 
34 | 9203351 | 9.992572 | 94270779 10.729221 26! 
35 | 9264927 | 9992549 | | 9271479 | 10.728521 | 251]. 
36 | 9-264703 | 9.992525 | | 9.272178 | 10.727822 24 
37 | 9-265378 | 9.992501 | | 9.272876 | 10.727124 | 23 
38 | 9.266051 | 9.992478 [ 9.273573 10.725427 22 | 
39 | 9-206723 | 9.992454 |. 9.274209 10.728731 [21 
49 | 9-267395 | 9:992430 | | 9-274964 | 10.725936 | 2% 
41 | 9.268065; 9992426 | | 9.275658 | 10.724342 
42 9.268734 9-992382 | | 9.276351 | 10.723649 
43 | 9-269402 | 9.992359 | 9-277043 | 10.722957 bo 
9.270069 | 9.992335 | | 9-277734 | 19722266 4 
| 45 | 9-270735 | 9.992311 U 992842215 
9.271400 | 9.992287 | | 9.279113 | | 10.720887 | 14 
9.272063 | 9.992263 9.279801 | 10. 720199 13 
9 272726 | 9.992239 9.280488 | 10. 218876 12 
49 9.273388 9.992214 | | 9.281174 | r0.718826 | 11 |} 
50 | 9.274049 | 9.992190 | | 9.281858 10.718142 10 
9.274708 | 9.992166 | | 9.282542 | 10.717458 7 
52 9.275367 9.992142 | 9.283225 | 10.716775 
53 | 9-276025 | 9.992118 9.283907 10. 769 7 
54 | 9-276681 | 9.992093 9.284588 | 10.715412| 6 
| 9:277337 | 9:992069 | | 9285268 | 10.714732 | 5 
56 | 91277991 | 9.992045 | | 9.285946 | 10.714053 | 4 
57 | 9:278645 | 9.992020 | | 9.286624 | 10.713376| 3 
58 | 9-279297 | 9-991996 | | 9.287301 1.212699 2 
59 | 9279948 | 9.991971 | | 9.287977 | 10.712023| 1 
| 9:280599 9.991947 | 9.288652 10.711348| of 
Cee. | Sine. | | Co-tang. | * 2 | M 
Degree 79. 
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The Table of Sines and Tangents. 


Degree 11. 
MI Sine. | Co ſine. | | Tangent. | Co-targ. ||. 
o | 9.280599 | 9: 991947 | | 9:288652 | 10.711348 | 60 


1 9.281249 9.991922 9.289326 10. 7109 59 
2 | 9.281897 9991897" 9:289999 | 10,710001 | 58 
3 | 9.282544 | 9.991873'| | 9.290671 | 10.709329 | 57 
4 | 9-283190 | 9.991848 | | 9.291342 | 10.708658 56 
| 5 | 9-283836 | 9.991823] |'9:292013 | 10.707987 || 55 
6 
7 
8 
Þ 


—_— | yu —_— 
| 9.284480 | 9.991799 | | 9.292682 10. 703 18 54] 
- | £28512 9.991774 [9.293350 10. 706650 53 
89.285766 9.991749 | | 9.294017 | 10.705983\| 52 
. 9.280 4089.997724] | 9.294684 | 10. 70531651 
10 9.287048 | 9.991699 1 Ii 9.295349 | 10.704651 50 


—_ 


11 9.287688 9.991674 9295073 10.703987 | 49 
| 12 | 9.288326 | 9.991: 249 9.296677 | 10.703323 | 48 
| 3] 9.288964 9.991624 | | 9.297339 | 10.702661|| 47 
49.289500 | 9:991 599 | 9.298001 | 10,701999/ 46 
| 15.4 9.2bhzz6 | 9.991574 | | 9:298662 | 10.701338 | 45 


116 9.290870 2.951577 9.299322 10. 70067844 
929504 9.991524] | 9.299980 2 700020 | 43 
| 189.29 92137 9991498 | | 9.300638 | 10.699362 42 
15 | 9.292708 | 9.991473 | 9.361295 10 698705 41 

20 9282299 | 9:991448 2.301951 10.698049 40 


21 9.294029 | 9.991422 | | 9.362607 105697393 39 
22 | 9.294658 | 9:991397 | | 9:393261 | 10:696 4+ | $4 
23 | 9.295286 | 9.991372 | | 9:303914 10 065 
24 | 9:295913 | 9.991346 | | 9.394567 | 10.655433 | 36 
25 | 9:290539 J 9.991321 | 9:305218 | 10:694782 | 35 


26 | 9.297164 | 9991295 | | 9:305869 | 10:694131 | 34 
27 | 9-297788 | 9.99 2709.366519 10.693481 33 
28 | 9.298412 9.991244 9.307168 10.692832 32 
29 9.299034 9.991218 — | Ine 31 
| 32.1 9-299655 | 9:991193 | | 9:398463 | 10.691537 | S 
| | Ge. bon Sine. | | Co-tang. T Tangent. [ 


Degree 78. 
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The Table of Hines und Tangente. 


Degree 11. 


M | Sine. | Co-fne. | | Tangent. | Co-rang, | | 


30 | 9:299655 |'9:99119 


— 82 — a 


— ** 


— — 


31 | 9.300276 9.991 767 '9:3091093| 10.690891 || 29 
32 | 9.300895 9.991141 9.309754 10:690246 || 28 
33 9.301514 9.991115 9.310399] 10.6 9601 | 27 
34 | 9.302132 9.991090] | 9.311042 10.688988 2 
35 | 9.302749 |'9:99r064-| | 9:312685-| 10.68831 5 25 
36 9.303364 9.991038 9.312327 19 885575 2 
37 9.303979 9.991012] [9.312968 10.687032 2 
38 9.304593 9.990986 9.313608 1,6863922 
39 {| '9-395207 9.990960 | 9.314247 | 1066575321 
492 | 9395819 | 9:990934-| | 9-314885 | 10.6851 65 [2 
41 | 9.306430 | 9. 990 9089.315523 10.084477/|-1 
42 | 9.307041: [| 9.990882 9.316159. | 10.6083841||-1 
43 || 9.307650 f 9.990855] | 9.316795) | 10.083205||-1 
14 9.308259 9.990829 | | 9.317430 | 1.682571 
45 | 9.308867 || 9.990803 | | 9318064 | 10:681936| |-1 
46 9.30944 9.990777 | | 9-318697 | 10.681303 | 
*47 9.310080 | 9.990750 9.319330 10.680670 |-1 
48 9.310685 9.999724 9.319961] 10.680039 | 1 
499.3171289 999069 9.320992 | 10.679408 |.1 
50 [94311893 | 9.999671 | | 9:321222 | 10.678778 | 19 
51 9.312495 9.990645 9.327851 10.678 149 : 
52 9.313097 9-9906 9.322479 10.677521 
539.3173698 9.990591 9.323106 | 10.676894 7 
54 | 9:314297 | 9.90565 | 9.323733 | 10676267 | 6 
55 | 9:334897 | 9:990538 | | 9:324358 | 10:675642 | 5 
56 | 9.315495 9.990512] 9.324983 | 10.675017| 4 
579.3150902 9.990485 | | 9.325607 | 10:674393 | 3 
53 9.316689 | 9.990458 | | 9.320231 | 10.573769 | 2 
59 | 9317284 | 9.999431 | | 9.320853 | 10.673147 | 1 
bo | 9:317879 | 9:990404 | | 9327475 | 10.672525 | © 
e. fue. Sine. | *  Co-rang. | Tangent. | M 
Degree 78. 
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The Table of Sines and Tangent. W 

Degree 12. SW W 

{M | Sine. | Co-fine. | | Tangent. | Co-targ, | | 
ö 

11937879 | 9.999404 | | 9:327475 | 10.672525 | bof 
| 1 | 9.318473 | 9:990377 | | 9:3280gg |'10.671905 | 59] 
1 2 | 9.31 9.990351 9.328715 10.671285 58] 
39.319658 9.990324] 9329334 10.670666 57 
49.320250 9.990297 | | 9.329953 | 10.670047 | 56 
5 9.320840 | 9.990270 9.320570 10. 669430 55] 

} 6.| 9.321430 | 9.990242 | 9.331187 10.668613 54 
7 | 9.322019 | 9.990215 | | 9.331803 | 10.668197 | 53 
89.322607 9.990188 f 9.33248 10.667582 | 52 
99.323194 9.990161 | | 9.333033 | 10.666967 | 51 
10 | 9.323780 | 9.990134 | | 9.333646 | 10.666354 | 50 
11 | 9.324366 | 9.990107 | | 9.334259 | 10.665741 | 49| 
12 | 9.324950 | 9-990079 | | 9.334871 | 10.665129 | 48 
13 9.325534 9-990052 | | 9-335482 | 10.664518 | 47 
14 | 9.326117 | 9.990025 | | 9.336093 | 10.663907 | 46 
15 | 9-326699 | 9.989997 | | 9-336702 | 10.663298 | 45 
16 9.327281 | 9.989970 9.337311 10.662689 44 
17 | 9.327862 | 9.989942 9.337919 10.662081 | 43| 
[18 [ 9:328441 | 9.989915 | | 9338527 | 10.661473 | 42 
19 | 9.329020 | 9.989887 | | 9.339133 | 10.660867 | 41 
20 | 9:329599 9.989860 | 9.339739 | 10.660261 | 40| 
21 | 9:330176 | 9.989832 | | 9.340344 | 10.659656 | 39 
22 | 9.330753 | 9-989804 | | 9.340948 | 10.659052 | 38 
23 | 9.331328 | 9.989777 | 9.341552 10.658448 37 
24 | 9331993 | 9-989749 | | 9-342155 | 10.657845 | 36 
25 | 9:332478 | 9.989721 | | 9.342757 | 10.657243 | 35 
| 26 | 9.333051 9989093 9.343358 | 10:656642 | 34 
27 | 9:333624 90 89665 | 9.343958 10.656042 33 
[28 | 9-334195 | 9-989637 | | 9-344558 10.655442 | 32 
29 | 9-334766 | 9.989609 | | 9.345157 | 10.654843 | 31 
30 | 9:335337 2 — 9-345755 | 10.654245 30 
Cone. Sine. | Co-targ. | Tangent. . 
= 77. 1 


"RS 3 . 
| The Table of Sines and Tangents. 
© Degree 12. | i 25 Ny Ii 
M | Sine. | Co-five. | | Tangent. | Co-rang. | |} 
| 30 | 9335337 | 9-989581 | | 9.345755 | 10.654245 | 3% 
31 | 9.335906 | 9.989553 | | 9.346353 | 10.653647 | 29]. 
1329.336475 9.989525 9.346949 10.653051 | 280 
33 | 9.337043 9.989597 9.347545 10.652455 | 27] 
134 9.337610 9.989459 9.348141 10.651859 26 
35 | 9338176 | 9.989441 9.348735 10.051205 25 
| 35 | 9-338742 | 9.989413 | 9.349329 | 10.567124 
| 37 | 9:339306 | 9.989384 | | | 9.349922 | 10.650078 23 
| 35 | 9-339870 | 9.989335 | | 9.350514 | 10.649486 | 22 
| 39 9.340434 9-989328 | | | 9.351106 | 10.648894 | 210 
149 9.340996 9.989299 | | 9.351697 | 10.648303 20 
| 41 | 9.341558 9.989271 | | 9.352287 | 10.647713 190 
14290342119 | 9.989243 | | 9.352876 | 10.6047124 | 18], 
| 43 9.342679 9.989214] | 9.353465 | 10.046535 | 17]. 
1 44 | 9343239 | 9.989186 | | 9.354053 | 10.045947 | 16} 
45 [9.343797 | 9-989157 | | 9:354640 | 10.6045360 yt 
145 | 9:344355 | 9-989128 | | 9.355227 | 10.044773 | 14} 
| 47 | 9-344912 | 9.989100 | | 9.355812 | 10.644187 | 13] 
148 | 9.345469 | 9.989071 9.350398 | 10.64.3602 | 12 
149 | 9.346024 9.989042 9.356982 | 10.643018 | 11| 
| 521 9346579 | 9989014 9.357566 10.642434 | 10| 
51 | 9.347134 | 9.988985 | | 9.358149 | 10.641851 | gf 
[52 9.347687 | 9.988956 9.358731 | 10.641269 8| 
53 | 9.348240 9.988927 | | 9.359313 | 10.640687 | 7| 
| 54 | 9-348792 | 9.988898 | | 9.359893 | 10.640107 | 6f 
| 55 9.349343 9.988869 | | 9.360474 10.639526 5 
5 | 
56 | 9-349893 9.988840 | 9.361053 | 10.638947 | 4 
57 | 9.359443 | 9.988811 | | 9.361632 | 10.638369 | 3 
58 | 9.350992 | 9.988782 | | 9.362210 | 10.637790 | 2 
59 | 9351540 | 9.988754 | | 9.362787 | 1063721341 
ws 9.392088 | 9,988724 | | 9.363364 | 10.636636 of 
| | Co-fire. I Sine. | | Co-tang, | Tangent. | Ml 
| 1 __ Degree 77. : 1 
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| The Table of Sines and Tangents. 
| — Pegr n 25 
M | Sine. Che. | Tangent. | Co-tang. | | 
oO | 9.352088 | 9.988724 | | 9.363364 [ 10.636636 60 
19.352635 | 9.988695 | | 9.363940 | 10.636060 | 59 
2 9.353181 9.988666 | | 9.364515 | 10.635485 | 58 | 
| 3 | 9353726 | 9.988636 | | 9.365090 | 10.634910 | 57. 
49.354271 9.988607 | | 9.365664 | 10.634336 | 56 
5 | 9-354815 | 9-988578 | | 9.366237 | 10-633703 | 55 
6 | 9.355358 | 9.988548 | | 9.366810 | 10.633190 | 54 
7 | 9-355901 | 9.988519 | | 9.367382 | 10.632618 53 
89.356443 9.988489 | | 9.367953 | 10.632047 | 52, 
1919.356984 9.988460 9.368524 10.63 147651 
10 | 9:357524 | 9-988430 | | 9.369094 | 10.630906 5 
11 | 9.358064 | 9.988401 | | 9.369663 | 10.630337 | 49 
125 9.358603 | 9.988371 9.370232 | 10.629768 | 48 
13 | 9.359141 | 9.988341 | | 9.370799 | 10.629201 | 47 
14 | 9:359679 | 9.988312 | | 9.371367 | 10.628633 | 46 
15 | 9.350215 | 9.988282 | | 9.371933 | 10.628067 | 45 
{ 16 | 9.360752 | 9.988252 9.372499 10.627501 44 
17 | 9.361287 | 9.988223 37 10.626936 43 
18 | 9.361822 | 9.988193 9.373029 | 10.626371 | 42 
19 9.362356 9.988163 | [| 9.374193 | 10.625807 | 41, 
20 | 9.302889 | 9.988133 | | 9.374756 | 10.625244 | 40 
21 | 9.363422 | 9.988103 9.375319 10.624681 39 
22 9.363954 | 9.988073 9.375881 | 10.624119 38 
23 | 9:304485 | 9.988043 | | 9.376442 | 10.623558 | 37 
24 9.365016 | 9.988013 | | 9.377003 | 10.622997 36 
25 | 9:365546 | 9:987983 9.377563 | 10.622437 35 
26 | 9.366075 9.987953 9.378122 [10.621878 4 
27 9.366604 | 9.987922 9.378681 | 10.621319 3 
28 | 9.307132 | 9.987892 9.379239 | 10.620761 | 32 
| 29 | 9-367659 | 9.987862 | | 9.379797 10.620203 31 
E 9.30818; 9.987832 9.380354 | 10.619646 30 
Ie. | Sine. | | Co-rang. Tangent. M 
N Degree 76. | | 


The Table of Sines and Tangents. 

| Degree 13. ä 
M | Sine. C. fue. Tangent. Ct bang. | 
309 368185 | 9.987832 | | 9.380354 | 10.619646 | 30 


— I. 9 


30 9.371330 
79.371852 
38. 9.372373 
39 | 9.372894 
49 | 9:373414 | 


41 | 9 373933 | 9.987495 9.380438 10.613562 | 19 
42 | 9-374452 987455 | 9.386987 | 10.613013 | 18 


998769 | 9.383682 10. 616318 24 
9 
9: 
9 
L 
9. 
9: 
43 |, 9-374979 9.987434 | 9-387530 | 10.612464 | 17 
9: 
9 
9 
9. 
9: 


98761 9.384234 | 10.615766 | 23 
987580 9.384786 | 10 615214. 22 
987557 | 9.385337 | 10.614663 | 21 


\O 

FO 
0 

1 
(os 
39 
& 


987520 10.614112 20 


44 9. 375487 | 9.987403 9. 388084 | 10.6x1916 | 16 
- | 9.376003 | 9.987372 | | 9.388631 | 10.611369 | 15 


46 [| 9-576519 987341 | | 9.389178 | 10.610822 | 14 
#7 [9577035 987310 | | 9.389724 | 0.610276 | 13 
9.377549 | 9.987279 | 9.399270 | 19659730 | 12 
9.390815 10:609185 | 11 
10. 608640 10 


2 3555 39.987248 
9.378577 9.987217 


> D 
(OS) 
5 
OI 
5 


31 9.368711 9.987801 | | 9.380910 10.619090 3 
32 | 9363236 | 9.987771 þ | 9.381466 | 10.618534 28 
331 9.369701 | 9.987740 | | 9.382021 | 10.617980 c 
34 | $579: | 999 | 9.382575 | 10.617425 | 26 
35 | 9:370808 [| 9.987679 f | 9.383129 | 10.616871 | 25 


51 | 9.379089 | 9.987186 | | 9.391903 | 10.608097 | 9 
52 | 9-379601 | 9.987155 | | 9.392447 | 10.607553] 8 
53 || 9.380113 | 9.987124 || 9.392989 10.603011 | 7. 
54 | 9-380624 | 9.987092 | 9.39353 10.606469 6 
55 | 9-381134 | 9.987061 9:394073.| 10.605927 | 5 
56 | 9.381643 | 9.987030 | | 9.394614 | 10,005386 | 4 
57 | 9.382152 | 9.986998 | | 9.395154] 10.604846 3 
58 | 9.382601 | 9.986967 9.395694 10.604306 2 
59 | 9-383168 | 9.986936 | 9.396233 | 10.603767 
bo | 9.383675 | 9.986904 9.300771 | 10.603229 | © | 
| Co-fine, | Sine. $f | Co-tang. | Tangent. | M 
þ Degree 76 | 


be Table of Sines and Tangents. 


4 


Degree 14. 11 
M | Sine. | Co-fine. | | Tangent. | Co-tang. | 
9 | 9383675 | 9986904 | | 9.396771 | 10.603229 | 6o | 


| 9.384181 | 9.986872 9397399 10.602691 | 59 | 
9.384687 | 9.986841 9.397840 | 10.602154 58 
9.385192 | 9.986809 | | 9.39838z | 10.601617 | 57 
9.385697 | 9.986778 | | 9.398919 | 10.601081 | 56 
9.386201 | 9.986746 | | 9-399455 | 10.600545 | 55 | 


9.386704 | 9.986714 | 9-399990 | 10.600010 | 54 
9.387207 | 9.980683 | | 9.400524 10.599470 53] 
9.387709 | 9.986651 | | 9.401058 | 10.598942 | 52 
9.388210 | 9.986619 9.401591 | 10.598409 | 51 | 
9.388711 | 9.986587 9.492124 | 10.597876 50 | 


11 | 9.38h211 | 9.986555 | | 9:402656 | 10.597344 | 49 
12 | 9.389714 | 9.986523 | | 9.403187 | 10.596813 | 48 | 
13 | 9-390210 | 9.986491 | | 9.403718 | 10.596282 | 47 
14 | 9-390708 | 9.986459 | | 9.494249 | 10.595751 | 46 | 
9.391206 9.986427 | | 9-494778 | 10.595222 | 45 


16 | 9.391703 | 9 986395 | | 9.405308 | 10.594692 | 44 
1179.392199 9-986363 | | 9.495836 | 10.594164 | 43 | 
18 | 9.392695 | 9.986331 | | 9.406364 | 10.593636 

19 | 9-393190 | 9.986299 | | 9.406892 | 10.593108 | 41 | 
20 | 9.393685 | 9.986266 9.497419 | 10.592581 49 | 


q21 | 9.394179 | 9986234 | | 9.407945 | 10.592055 | 39 
22 9.394673 9.986201 | | 9.408471 | 10.591529 | 38 | 
23 | 9-395166 | 9.986169 | | 9.408996 | 10.591004. | 37 
24 | 9.395658 | 9.986137 | | 9.409521 | 10.590479 | 36 
25 | 9.396150 | 9.986104 | | 9.410045 | 10.589954 | 35 
126 | 9.396641 | 9.986072 | | 9.410569 | 10.589431 | 34 
127 | 9:397131 | 9.986039 | | 9.411092 | 10.588908 | 33 
128 | 9.397621 | 9.986Q07 9.411615 | 10.588385 | 32 | 
129 | 9-398111 | 9.985974 | | 9.412137 | 10.587863 | 31 | 
39 | 9.398600 | 9.985942 | | 9.412658 | 10.587342 30 
[Tee, f Sine. | | Co-rang. | Tangent. | M | 


. Degree 75. : 4 


— _ 
OW aw &| + w a 


„ 
— 
— — 


— 
wa 


— 
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T be Table of Sines and 7 angents. 


Degree 14. | 
M | Sine. Co-fine.. | | Tangent. | Co-targ. | 
39 | 9-398600 | 9.985942 | | 9-412658 | 10.587342 | 30 
31 | 9.399087 | 9.985909 | | 9.413179 | 10.586821 | 29 
32 | 9-39957'5 9.985870 | | 9.413699 | 10.586301 | 28 
339. 9.985843 | [9.414219 10.585781 | 27 
34 2 9.985811 | | 9.414738 | 10.585262 | 26 
35 9.401035 | 9.985778 | | 9.415257 | 10.584743 | 25 
36 | 9.491520 9.985745 | 9.415775 | 10.584225 | 24 
37 | 9492005 | 9.985712 | | 9.416293 | 10.583707 | 23 
33 | 9.402489 | 9.985679 N 10. 583 190 | 22 
39 | 9.402973 9.985643 | 9.417326 10. 58267421 
4 9.403465 9.985613 | | 9.417842 | 10.582157 | 20 
41 | 9.493938 | 9.985580 | | 9.418358 | 10.581642 | 19 
42 | 9-494420 | 9.985547 | | 9-418873 | 10.581127 
43 9.404901 | 9.985313 | | 9.419387 | 10.580613 17 
49.405382 | 9.985480 | | 9.419901 | 10.580099 | 16 
45 | 9-495862 | 9.985447 | | 9-420415 [10.579588 [15 
46 9.40637 9.985414 | | 9.420927 10.579072 14 
47 | 9.406820 | 9.985380 | | 9.421440 | 10.578560 | 13 
48 | 9.497299 | 9.985347 | | 9-421951 | 10.578047 | 12 
49 | 9-497777 [9.985314] | 9.422463 | 10. 577537 | 1 
50 | 9.498254 | 9.985280 | 9422973 10.577026 | 
51 | 9.498731 | 9.985247 | | 9.423484 | 10.576516 | 9 
3 3.40047 | 9.983213 | | 9:423993 | 10.576007 | 
53 9.409682 9.985180 9424503 10.575497 | 7 
54 | 9.410157 | 9.985146 | | 9.425011 | 10.574989 | 6 
55 1 9 410632 9.985112 | | 9.425519, 10.574481| 5 
56 | 9.411106 | 9.985079 | | 9.426027 | 10:573973 | 4 
57 | 9:411579 | 9.985045 | [9.426534 1.573466 3 
58 | 9.412052 | 9.985011 9.427041 | 10.572959| 2 
59 | 9:412524 9.986977 9.428577 10.572453 11 
bo | 9.412996 | 9.984943 | [9.482 10-571947 | © 
| Co-fine. | Sine. | 1 Co-tang. | ; T gate | M 

Degree 75. 


TK2] 


. wt A — 


AM. 


rene Sega nee 
ö 


2 be T able if Sines ond 7 angent. 


A — — 
M | Sine. Au tn. | | Tangent. | ' Co-tang, I 
0 | 9.412996 | 96 | 9.984944 | | | 9.428052 2 | 10.3719497 | 60 
t | 9.413467 | 9.984910 | | t 9.428557 | 1 10.571442 | 59 
29.413938 | 9.984876 | | 9:429062 | 10.570938 | 58 
3 | 9:414498 | 9.984842 | | 9:429566 | 10.570434 | 57 
4 | 9-414878 | 9.984808 | | 9.420070 | 10.579930 | 56 
$5 | 9415347 | 9984774 | | 9-429573 | 10.579427 | 55 
6 | 9.413815 | 9.984740 | | 9.431075 | 10-568925 | 54 
7 9.416283 | 9.984766 | | 9.431577 | 10.568423 | 53 
9.416751 | 9.984672 | | 9.432079 | 10.567921 | 52 
91947217 9:984037 9.432580 | 10.567420 | 51 
10 | 9.417684 | 9.984603 | | 9.433080 1.3692 | 50 
11 | 9.418149 ] 9.984569 | | 9.433580 | 10.566319 49 
12 9.418615 9.984885 9.434080 | 10. 56592048 
39.4970 9.984500 | | 9.434579 | 10.565421 47 
| !4 | 9:419544 | 9.984456 9-435078 | 10.564922 | 46 
r5 | 9.420007 | 9.984431 | | 9.435576 | 10.564424 | 45 
| 15 | 9420479 | 9.984397 9-436073 10.563927 | 44 
17 | 9-420933 | 9:984303 | | 9-430570 1 10.593430 | 43 
18 | 9421395 | 9-984328 | | 9.437067 | 10.562933 | 42 
19 | 9.421857 | 9.984293 9-437563 10.562437 | 41 
0 | 9.422318 | 9.984259 | | 9.438059 | 10.561941 | 40 
21 | 9.422778 | 9.984224 9.438554 | 10.561446 39 
| 22 | 9.423233 | 9.984189 | | 9.439048 | 10.560952 | 38 
23 | 9:423697 | 9:9841535 | | 9.439543 | 10.560457 | 37 
1 24 | 9424156 | 9.994120 | | 9.440036 | 10.559964 | 36 
| 25 | 9424615 | 9:984085 | | 9.449529 | 10.559471 | 35 
26 | 9.425073 | 9.984050 | | 9.441022 | 10.558978 | 34 
1279.425530 9.984015 | 9.441514 | 10.558486 | 33 
28 | 9.425987 | 9.983980 | | 9.442006 | 10.557994 | 32 
29 9.426443 9:983945 | 9.442497 10.557503 | 31 
30 | 9.426899 | 9.983910 | | 9.442988 | 10.5570r1 | 30 
Sie. | Sine. | | Co-tang. | Tangent. | M 
—_ — dia 


3 


6 


OY 1 * — * 
The Table of Sines and T, — 


2299 A "* Fs 
P 0 ». | 


4 A Degree TY ks 
MI Sine. L Co-fine. | "1 Tangent. | Co-tang. 7 5 
30 9.426899 | 9.983910 | | 9.442988] 10.557011 30 3 
31 | 9:427354 | 9:983875 | 9443479 1 10.556521 29 
329427809 9.983840 | | 9.443968 10.556031 28 
33 | 9428263 | 9.983805 | | 9.444458 | 10.555542 | 27 
34 | 9428717 9983770 9:444947 | 19-555053 | 26 
35 | 9-429170 | 9.983735 | | 9445435 ] 19554505 | 25 

| 35 | 9.429623 | 9:933699 | 9:445923 | 10.554077 | 24 

37 9.430075 | 9.983064 ] | 9.440411 | 10.553589 23 
38 | 9.430507. 9.983629 | 9.446898 | 10.553102 | 22 
39 | 9439987 | 9983593 | | 9-447334 | 19.552616 | 21 
49 | 9431429 | 9.983558 | | 9.447870] 10.552129 | 2 
41 | 9.431879 | 9-983523 | | 9448356 | 10.551644 | 1 
42 | 9432328 | 9.983487 | | 9.448841 | 10.551159 18 
43 | 9.432778 | 9.983452 | | 9.449326 | 10.550674 | 1 
44 | 9:433226 | 9.983416 | 9.449810 | 10.550190 | It 
45 | 9.433674 9.983380 9.450294 10.559706 | 15 
46 9434122 | 9983345 | | 9459777 | 10.549223] 14 | 
47 9.43456 2 9.983309 | 9.451260 10.548740 | 13 
48 | 9.435016, 9.38573 945579. 10.548257 | 12 
49 | 9435402 9.983238 | 9.452225 | 0.547775 | 11 
504 9.435918 9.983202 | {0 9.452706 | 10.547294 | x0 
51 | 9-436353 | 9.983166 | | 9453187 | 10.540813] 9 
52 | 9-436798 | 9.983130 | | 9.453668 | 10.546332 | 8 
53 9497262 1 9-983094 9454148 10.54.5952 | 7| 
54 | 9:437686 | 9.983058 | | 9.454527 | 10.545372 | 6| 
55 — 998352 9.455107 | 10.344893| 5 
56 | 9.438572 | 9.982986 | | 9.455586 | 10.344414] 4 
$57 | 9.439014 9.982950 | | 9.456064 | 10.543930} 3 
58 | 9.43945 | 9.982914 | | 9.456542. 10-543458 2 
39 | 9-439897 | 9.982878 | | 9.457019 | 10.542980| I} 
bo | 9-449338 | 9.982842 | | 9.457496 | 10.542503 | Of 

I Co-foe. © ri Sine, | | Co-tang. [ —_— | M | 
j 2 * 74 | 


6 


* > > 


Dbe Table of Sines and Tangents. 


— 


Degree 16. . 


5 Co-fene. | | Tangent. | Co-tang. | | 


| 


Degree 73. 


— 


MI Sine. 

19.440338 9.982842 | | 9.457496 | 10.542503 | 60 
1 | 9-440778 | 9.982805 | | 9.457973 10.542027 5 
2 | 9.441218 | 9.982769 9.458449 10.541551 58 
39.441658 | 9.982733 | 9.458925 10.540756 | 57 
4 | 9-442096 | 9.982 9.459400 | 10.540600 | 56 

$5 | 9:442535 | 9-982660 | | 9.459875 | 10.549125 | 55 
69.442973 | 9-982623 | | 9.460349 | 10.539651 | 54 
7 | 9443410 | 9.982587 | | 9.460823 | 10.539177 | 53 
8 | 9:443847 | 9.982550 | 9.461297 10.538703 52 
9 | 9-444284 | 9.982514 | | 9.461770 | 10.538230 | 51 
10 | 9444720 | 9-982477 | | 9.462242 | 10.537758 | 50 
| | 9:445155 | 9:982441 | | 9:462714 | 10.537285 [49 
12 | 9.445590 | 9:982404 | | 9.463186 | 10.536814 | 4 
13 | 9.446025 | 9.982367 | | 9.463658 | 10.536342 | 47 
14 | 9-446459 | 9982330 | | 9.464129 | 10.535871 | 46 
15 | 9.446893 | 9.982294 | | 9-464599 | 10.535401 | 45 
16 | 9.447326 | 9.982257 | | 9.465069 | 10.534931 | 44 | 
17 | 9447759 | 9.982220 | 9.465539 10.534461 | 43 
18 | 9:448191 | 9.982183 9.466008 | 10.533992 | 42 
19 | 9448623 | 9.982146 | | 9.466476 | 10.533523 | 41 
20 9.449054 | 9-982109 | | 9.466945 | 10.533055 | 40 
21 | 9.449485 | 9.982072 | | 9.467413 | 10.532587 | 39] 
22 | 9.449915 | 9.982035 9.467880 | 10.532120 | 38 
23 | 9.459345 | 9.981998 | | 9.468347 | 10.531653 | 37 

24 9.450775 9.981961 9.468814 | 10.531186 36 
25 | 9-451204 | 9.981923 9.469280 | 10.530720 | 35 
26 | 9.451632 | 9.981886 9.469746 10.530254 | 34 

' 27 | 9.452060 9.981849 9.470211 | 10.529789 33 

28 9.452488 | 9.981812 9.470676 | 10.529324 | 32 
29 | 9.452915 | 9.98774 | 9.471141 | 10.528859 | 31 

30 | 9-453342 | 9-981737 | 9.471605 10.528395 30| 
I. Co-fine, | Sine. | | Co-tang. | Tangent. | M 


T— 


„ md © vs 
* 
y 
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The Table of Sines and Tangents. = 


— a” 


— 


7; 


Degree 16. 


M | Sine. | Co-fine. | | Tangent. | — as 


30 | 9.453342 | 9.981737 | | 9.471605 | 10. 0.528395 | 30 


—_ 


9.453768 | 9.981699 | | 9.472068 | 10. $2793! 29] 
9:454194 9.981662 | | 9.472532 10.527468. 28 
9:454019 1. 9.981024 | | 9 472995 | 10.527005 | 27| 
9-455944 9.981587 | 9.473457 | 10.526543 | 26 
9-455469 | 9:981549 | | 9.473919 | 10.526081 | 25 
9-455892 | 9.981512 | | 9.474381 | 10.525619 24 
9.456316 9.257476 9.474842 10.525158 23 
9.46739 9591438 9.475303 10.524697 | 22 
9.457162 5981398 9-475703 | 10.524237 | 21 
9.457584 | 9.981361 9.470223 10.323777 | 20 
9.458006 | 9.981323 | | 9.476683 | 10.523317-| 19 
9.453427 | 9-981285 | | 9.477142 | 10.522858 | 18 
9.458848 | 9.981247 |. | 9.477601 | 10.522399 | 17 | 
9.459268 9.981209 9.478059 | 10.521941 | 16 
9.459088 9.981171 9.478517 10.521483 15 
9.460108 | 9.981133 | | 9.478975 10.521025 | 14 
9.460527 | 9.981095 9479422 10.520568 | 13 
9.460946 | 9.981057 | | 9.479889 | 10.520111 | 12 
9.461364 | 9.981019 . . 10.519655 | 11 | 
9.461782 9.980980 9.480801 | 10. 519199 10 
2.462679 9.980942 | | 9:481257 | 1.518743 | 9 
9.462616 | 9.980904 9.481712 | 10.518288 | 8 
9.463032 | 9.980866 | | 9.482167 | 10.517833 | 7 
9.463448 | 9.980827 | | 9.482621 10.517379 6 
| 9-463864 | 9.980789 | | 9.483075 | 10-516925 | 5 
464279 | 9.980750 | | 9.483528 | 10.516471 | 4 
473 4. 9.980712 9.483982 | 10.516018| 3 
9.465108 | 9.980674 9.484434 | 10.515565 | 2 
9.465522 | 9.980635 | | 9.484887 | 10.515113] 1 
bo | 9.465935 | 9-980596 | | 9-485339 | 10514661 | 0| 
I Co-fime. | Sine. | | Co-tang. | — | M 


= CY 
. 


—_ 


— 
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Degree 17. 


N 


Sine. 


| Co-fine. 


| | Tangent. | Co-tang. 1 


o| 94655935 | 9.980596 | | 9485339 | 10.514661 | bo 


— 


— —— — — 


1 


19.456348 9.980558 | | 9.485791 | 10.514209 || 5c 
2 | 9.466701 | 9.980519 | | 9.480242 10.513758 |. 5 
3 | 9467173 | 9.980480 | | 9.486693 | 10.513307 | Fl 
4 | 9-407585 | 9.980441 | 9457143 | 10.512857 || 56 
5 | 9457990 | 9-980403 | | 9:4 87593 | [10.51.2407 | SS 

| 5 | 9.468407 | 9.980364 | | 9.488043 | 10.511957 | 54 
7 | 9.468817 | 9.980325 | | 9.488492 | 10.511507 | 53 
8 | 9.469227 | 9.980286 9788940 10. 513059 | 52 
9 || 9.469637 | 9-980247 | | 9.489390 | 10.51 81 
9. 7%— 9. 9.489838 | 16.510162 50 
9.470455 | 9.980169 | | 9.490286 10.509714] 4 
9.470803 | 9.980130 9-4907 33 10. 509267 4 
9.471271 | 9.980091 9.491180 | 10.508820 | 47 
9.471678 | 9.980052 | | 9.491627 | 10.508373 | 46 
9-472086 þ 9.980012 | | 9.492073 | 10.597927 | 45 
9:472492 | 9.979973 | 9.492519 | 10.507481 | 44 
9.72898 9:979934 | | 9:492964 | 10.597035 | 43 

18 | 9-473304 | 9-979894. 9493410 | 10. 506590 | 42 
199.4770 9:979855 | | 9.493854. 10.506745 4 
20 | 9-474115 [9.970816 | | 9.494299 | 19.505701 | 40: 
21 | 9.474519 | 9:979770 | | 9.494743, | 10.505257 | 39 
22 9.474923 9-979737 | [9.495186 10.504813 | 38 
23 | 9:475327 | 9-979097 | | 9.495630 | 10.504370 | 37 
24 | 9:475739 9.79675 9.490073 | 10.503927 | 36 
25 © 9:470133 | 9979618 | | 9-496515 | 10.503485 | 35 
| 26 | 9.476536 | 9:979578 | | 9-496957 | 10.503043 | 34 
27 9.476938 9.979539 | 9:497399 | 10.492601 | 33 
| 25 | 9:477349.| 9.979499 9.47840 10.5160 32 
29 | 9-477744 | 9979459 | 9.498282 10.501718 31 
30 | 9:478142 | 9.979419 | | 9498722 | 10.501278 | 30 
1. | Sine. | | Co-tang. | Tangent. |. M | 

Degree 72. 


n 1 8 TREE 2 £ 2 
© The Table of Sines and Tangents. 


Degree 17. 


1 
| 
{ 


MI Sine. Co-fine. | | Tangent. | -Go-tang, | 
30 9.478142 | 9:979419-| | 9.498722 |-10.501278-}-30 
31 | 9:47854=f 9:979380 9.499163 10.500837 | 29 
32 | 9.478942 9.979349 | | 9.499602 | 10.500398 | 28. 
33 | 9:479342 | 9.979300 | | 9.500042 10.499958 27] 
34 | 9-479741 | 9.979260 | | 9.500481 | 10.499519 | 26 
35 | 9.480140 9.979220 | 9500920 | 10. 499980 | 295 
3609.480538 9.979180 | 9.501359 8,4986412 
37 1 9.480937 9.979140 | 9.591797 10.498203 23 
| 35 | 9.481334 | 9:979099 | | 9502235 | 19:497705 | 22 
| 39 9.481731 9.979059 9.502672 10.497328 | 21 
| 40 9.482128 9.979019 | 9.503109 lo. 496891 20, 
41 þ 9:482525 | 9978980 | | 9. 503346 | ro 496454 19 
42 9.482921 9.978939 9.503982 10.496018 | 18 
1439.483316 9.978898 9.54418 10495582 17 
44'| 9.483711 | 9.978858 | | 9.504854 | 19-495146 | 16 
45 | 9.484106 | 9.978817 | | 9.505289 | 19494711 | 15 
| 46} 9.484501 | 9.978777 | | 9595724 | 10:494276 1 
47|| 9.484895 | 9.978736 | 9.506158 | 10.49384t | 13 | 
48, 9.485289 | 9.978696 | 9.806593 19.493407 | 12 
| 49!] 9.485682 | 9.978655 | | 9-597020 | 10.492973 | 11 
50 9.486075 | 9.978615 | 9597459 | 19:492549 [ 19 
51 | 9.486467 | 9978574 | | 9-507892 | 10.492107 f 
52'] 9.486859 | 9.978533 | 9.508326 10.491074 | 8 
33 0.487251 | 9.978493 | | 9.508759 | 10491241 | 7 | 
54 | 9487642 9.978452 3309191 10.490809 6 
55 | 9.488033 | 9.9784 T1 9.599022 | 10.490377 | 5 
56] 9.488424 | 9.978370 | | 9.510054 | 10.489940 4 
57 | 9.488814 | 9.978329 | | 9.510485 | 19.489153 
58 | 9.489204 | 9.978288 9.510916 | 10.489084 | - 2 
59 9.489593 9-978247 | | 9.511346 | 10.488554 | 
60 | 9.48y982 | 9.968206 9.511776 10 488225 © 
'| Co-fne. | Sine. | | Co-targ. | Tangent. | N 
Shades Degree 72. 
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-— - The Table of Sines and Tangens. 
—— — Degree 18. a h | 
M-| Sine. | Co-ſove. | | Tangent. | Co-targ. | 
09.489982 9:978206-| 9.511776 10.488224 60 | 
d N ry | 
1 | 9.490371 | 9.978165 | | 9.512206 | 10.487794 | 59 
29.490759 9.978124 | | 9.512635 | 10,487365 | 58} 
39.491147 9:978083 | | 9.513064 | 10.486936 | 57 
4 9-791 534 |'9-978042 9-513493 | 10.486507 | 56 
5 | 9491922 | 9:978001 | | 9-513924-4 1.486079 55 | 
6 | 9.492308 | 9.977959 | 9:514349,| 1.485651 | 54 | 
7 | 9-492695 | 9.977918] | 9:5t4777 | 10-485223 | 53 
8 | 9.493080 | 9.977877'| [9.818204 10.484796 | 52 | 
9 | 9.493466 9-977835-| | 9.515631 | 10.48436g | 51 | 
| 10 | 9.493851 9.977704 9.516057 10. 483942 | 50 
11 | 9.494236 | 9.977752 | | 9.516484 | 10.483516 | 49 
12 | 9.494620 | 9.977711 | | 9.516910 | 10.483090 | 48 
13 9.495005 9.977660 | 9.517335: | 10.482665 | 47 
14 | 9-495388 | 9.977628 | | 9.517761 | 10.482239 46] 
15 | 9-495771 | 9:977586 | ] 9.518185] 10:481814 | 45, 
16 | 9.496154 | 9.977544 | j 9-518610 | 10.481390 | 44 
17 | 9:496537 | 9-977503 | | 9529034 | 10.480966 43 
18 | 9.496919 | 9.977461 | | 9.519458 | 70.480542 42 
19 9.497301 9.977419 | 9.519882 | 10.480118 | 41 
20 | 9-497682 | 9.977377 | | 9.20305 | 10.489695 | 40 
21 | 9.498063 | 9.977335 | 920728 10.479272 39 
22 | 9.498444 | 9-977293 | [9.521151 10.478849 | 38 
23 | 9-498824 | 9.977251 | | 9.521573 | r0.478427 | 37 
24 | 9-499204 | 9-977209 | | 9.521995 | 10.478005 36 
25 | 9:499584 | 9.977167 | | 9.522417 10.477583 35 
26 | 9.499963 | 9-977125 | 9.522838 | 10.477162 | 34 
27 9.500342 | 9-977083 | | 9.523259 | 10.476741 | 33 
28 | 9.500720 | 9.977041 | | 9.523679 | 10.476320 | 32 | 
29 | 9-501099 | 9.976999 | | 9.524100 | 10.475900 | 31 | 
30 | 9.301476 | 9.976957 | | 9.524520 | 10.475480 | 30 | 
Ce. fene. Sine, | | Co-tang. | Tangent. | M | b 
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CCC Degree 18. e 
MI F Ge. | | Tangent. Co-tang:- |- - 
30 | 9591476 | 5976956 | 9.524520 f 10 — — 

[ 37 | 9.591854 | 9.976914 | | 9-524935 | 19:475060 29 

1 32 9.502231 9.976872 | | 9.525359 [r. 474641 28 
339.5802607 5.976830 9-525778 | 10.474222 27 
34 | 9.502984 9.970787 | | 9.526197 10.473803 26 
35 | 9-503360 | 9:970745 | | 9-520615 | 19.473385 | 25 
35 | 9:593735 FA 9.527033 | 10.472967 By 

379.5410 9.976560 | | 9.527451 | 10.472549 | 23 
38 9.504485 9.976617 | | 9.527868 10.472132 22 

| 39 | 9-594860 | 9.970574 | 9.528285 10.471715 | 21 

[42] 9595234 | 9:976532 9-528702 | 10.471298 | 20 
41] 9 505608 9.976489 9.5291 18 10.470881 19 | 
| 42 | 9.505981 | 9.976446 | | 9.529535 | 10:470465 | 18 
43 9.506354 9:970454 | | 9:529950 | 19.470049 | 17 þ- 
44 | 9.50727 | 9.976361 | | 9.530366 | r0.469634 | 16 
45 | 9-597999 | 9.976318 | | 9.530781 | 10.469219 | 15 
45 | 9:507471 | 9:976z75] | 9.531196 | 10:468804 | 14 | 
47 | 9597343 | 9.976232 | | 9.53r6rr 10.468389 | 13 
48 | 9.398214 | 9.976189 | | 9.532025 | 10.467975 | iz| 
49 | 9:398585 | 9,976146 | 9.532439 10-467561 611 
5o | 9.508955 | 9.976103 | | 9:532853 | 10:467147 | 19 
51 9.509326 | 9.976060 3535551457 
52 | 9.509696 | 9.976017 | | 9.533679 |} 10 466321 8 J 
53 ate 5 9.975973 | 9.532092 | 10.465908 7 
54.510434 9:975930 | | 9534504 | 162365496 |." of. 
55 | 9.510803 9.975887 | | 9:534916 {10.465084 | f 
56 | 9.517177 9.975844 | 9:535328-4-19:464672 | 4 
57 | 9511549 | 9.973800 | | 9.535739 | 10.404261] 3 
58 | 9.511907 | 9.975757 | | 9530150 0.463849 2| 
59 | 9-512275 | 9:975713 | | 9.536501 | 10.463439 f 1 
bo | 9.512642 | 9.975670 | | 9536972 } 0.463028 | e 
* | © Co-fine. — Sine. Co- 2 — M 
8 — N — 
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Degree 70 


Te Table of Sines and Tangents. 

2 r oe an 
MI Sine. Coe D n GI. Auf 
| _ 
o| 9.512642 | 9.975670 | | 9 536972 | 10.463028 60 

| 1 | 9.513009, 9.975626 9.537382 10.462618 Fl 
29.513375 9.975583 9537792 10.462208 | 58 
3 | 9-513741 | 9.975539 | |'g 538202 | 10.461798 | 57 
4 | 9514107 | 9.975496 | | 9.538611 | 10.461389 | 56 
5 | 9:5144721-9:975452 | | 9-539920 | 10.460980 | 55 
6 | 9.514837 | 9.975408 9-539429 10.4605711| 54 
7 | 9515202 | 9.975364 | | 9.539837 | 10.460163'| 53 
8 | 9.515506 | 9.975321 | | 9549245 | 10.459755 52 
99.515930 | 9.975277 | | 9-549653 | 10.459347'| 51 | 
10 | 9-510294 | 9.975233 | | 9-541061 | 10.458939 | 50 
11 | 9.516657 | 9.975189 | | 9.541468 | 10.458532 | 49 
12 | 9.517020 | 9.975145 | | 9:541875 | 10.458125|} 48 
13 9.517382 9.975101 | | 9.542281 | 10.457719 | 47 
14 | 9:517745 | 9:975957 | | 9:542688 | 10.457312 | 46 
15 1 9.518107 | 9.975013 | | 9-543994.| 10:456966 | 45 
16 | 9.518468 | 9.974969 | | 9.543499 | 10.456501 | 44 
17 | 9-518829 | 9.974925 | 9.543905 10.456095 43 
18 | 9-519190 | 9.974880 | 9544310 10.455690 42 
19 | 9-519551 | 9:974836 | | 9:544715 | 10:455285 | 41 
20 | 9:519911 | 9:974792 | | 9:545119 |-19.454881 | 40 
21 | 9.520271 | 9.974747 | | 9:545524 | 10.454476 39 
22 | 9.520631 | 9.974703 | | 9:545927 | 10:454072 | 38 
23 | 9-520990 | 9.974059 | 9.546331 | 10. 453069 37 
24 | 9-521349 | 9-974014 | | 9:540735 | 10:453265 |/36 
25 | 9-521707 | 9.977570 | 9.547138 | 10.428625 
26 | 9.522066 | 9.974525 | | 9.547549 | 10452459 I 
27 | 9-522423 | 9974480 | | 9547943 | 10; 422957 '3 
28 | 9.522781 | 9.974436 | | 9548345 | 10:451655 ['32 | 
29 | 9:523138 | 9.974391 | | 9.548747 | 10.451253 [31 
30 | 9:523495 } 19974366 [9549149 10450851 1.30 | 
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E7 Table of Sines and Tuggen. 

— Degtee Wnt 

M Sine. Cine. | Tangent. Ef Se | 
39 | 9-523495- -|'9:974346 | 1'9:549149 | 10.450851 | 40 
31 9.823852 93974302 9.54955 | 10:450450 | 29 
32 9.524208 | 9.974257 | | 9:549951 |'10:450049 | 28] 
[33 | 9:524564, 9:974212 | 9-550352/|10:449648 | 27] 
34 | 9-524920, ['9.974167 | ||9:550752'] 10449248 26 
35-1 9-525275-19:974122 L 8X2 10:448848 | 25 
36 9.525630 9.97477 9.551582 10.448448; 48448024 
37 9.525984 9.5742 9.551952 10.448048 23 
389.5826339 9.973987 9.552351 10.447649 2. 
39 9.526693 9.973942 [9.55275 10.447021 
49.5274 9.9282 9.144481 
#1 | 9.527409 | 9.973852 | | 9553548 | 10. 446452) 1 
42 | 9527753 | 9-973807 | | 9553946 10 445 0 11 
43:1 9-528105 | 9.973761 | 9.5844 1.445656 
44 9.528458 9.973716 | | 9.554741 | 101445259 16 
45] 9.528810 | 9.973671 9.5551 1044486115 
46 9.529161 9.973625 | | 9:555536 | to. 1 14 
147; 9. 529513 9.973580 | | 9:555932 | 10:444068 |'13 
48; 9.529864 9.973535 9.886329 1044367112 
49 9.530214 9.973489 9.556725 10.443275 f 
42.888.224 | | 9:557121 | 104442879 ['10 
579.3915 | 9:973398 | | 9:557517 | 101442483 | 9 9 
52 9:531265 | 9:973352 | | 9.557912 | 10:442088 | | 
33 | 9:531614 | 9:973307 | | 9:558308 | 10.44i693 | 7 
34 | 9:531963 | 9:973261 | | 9.558702 | 10:44i298 | 6 
55 | 9 532312 | 9.973215 | | 9:559097 | 10:446903 5 
$6 | 9.532661 | 9.973169 | |'9.559491 | 0.446509 | -4 
57 | 9:533009 9.973123 9.589555 hay + wn '3 
58 | 9:333357 | 9-973078 | 9.560279 2 
$9 | 9:533704 | 9-973032 | | 9.560673 10.4397 
4522. 2885 2551085 1243855“. 0 
| Co-fore.. i "Sine. | | | Co-rang. | Fangent. 1 «4 
1 — 2 


12 


| E: b 7 able of Sines and 75 Tangents 
hs: DT... : — 
N Sine. | Cf. | Tangent. | Co-rang. | 
o | 9.534952 | 9.972986 | | 9:561066 | 10.438934 60 
I 2.54399 9-972940 9.561459 | 10.43854r | 59 
| 2 | 9-534745 | 9-972894 | | 9.501851 10422545 58 
1319.535091. 9.972848 | | 9.562244 | 10.437756 57 
{ 4 | 9535437 | 9972801 | | 9.562636 | 10.437304 | 56 
5-1 9-535783.| 9:972755 | | 9563028 | 10436972 | 55 
| 6 | 9536129 | 9.972709 | | 9.563419 | 10.430580 | 54. 
| 7 | 9:536474 | 9-972663 | | 9.563811 | 10.436189 | 53 
8 | 9.536818 | 9.972617 | | 9.564202 | 0.435798 | 52 
99.537163 9.972570 | | 9.564592 | 10.435407 | 51 
| 12 1 9:537507 | 9:972524 | 9.564983 | 10.435017 | 50 
$22 | 9:537851 | 9.972477 | | 9:565373 | 10.434927 [49 
12 | 9.538194 | 9.972431 | 9.565763 | 10434257 48 
13 | 9-538537 | 9972384 | | 9.566153 | 10.433847 1 47 
14 | 9.538880 | 9.972338 | | 9.556542 | 10.433457 | 46 
is | 9.539223 | 9.972291 | | 9.566932 10.433058 | 45 
(15 | 9.539565 | 9.972245 | | 9.567320 | 10.432679 | 44 
17 | 9-539907 | 9.972198 | | 9.567709 | 10.432291 | 43 
Þ 9-940249 | 9-972151 | | 9.568097 | 10.431902 | 42 
19 9.540590 9.972105 9.568486 | 10.431514 45 
1219.840931 [9.972058 | 9.568873 | 10.431126 | 49 
21 | 9.541272 | 9.972011 | | 9.569261 | 10.430739 | 39 
1229.541612 | 9.971964 | | 9.569648 10.430351 38 
[23 | 9541953 | 9971917 | | 9.560035 | 1.429954 | 37 
1249.542292 9.971870 | | 9.560422 | 10.429578 | 36 
| 7 9.542632 | 9.971823 9.560809 | 10.429191 | 35 
| 75 9.542971 9.971776 | 9.571195 [10.428805 34 
127 4444 8 9.971729 9.571581 | 10.428419 | 33 
128 | 9:543649 | 9.971682 9:571967 | 10.428033 | 32 
1299.843987 9.971635 9-572352 | 10.427648 | 31 
432 | 9-544325 | 9.971588 9.572738 | 10.427202 | 30 
+ © | Co-fine. | Sine. . 1 Tangent: TM 
L | — TY 22 | 
— ce ——_ — — mm m—_— 
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| The Table of Sines and Tangents. - 
| — — + | 
| 8 = i 
1M | Sine. | Co-fne. | | Tangent. | Co-rarg. | 
| 39 9.544325 9.971588 | | 9.572738 | 10.427262 | 30 
| 31 |-9.544663 | 9.971540 | | 9.573123 | 10.426877 | 29 
| 32 | 9545000 | 9.971493 | | 9.573507 | 10.426492 | 28 
133 9.845338 9.971446 [9.573892 10.426108 | 27 
34 9.545674 9.971398 | 9.574270 | 10.425724 | 26 
| 35 1-9-546011 | 9.971351 | | 9.574660 | 10.425340 | 25 
36 9.546347 9.971303 | | 9.575044 | 10.424956 | 24 
| 37 9.546683 9.971256 | | 9.575427 | 10:424573 | 23 
4-38 | 9-547019 | 9.971208 | | 9.575810 | 10.424189 | 22 
4 39 | 9:547354 | 9-97116t | | 9.576193 | 10.423807 | 21 
[4 | 9-547689 | 9.971113 | | 9.576576 | 10.423424 | 2c 
41 | 9:548024 | 9.971065 | | 9.576958 | 10.423041 of 
42 9.548358 9.971018 | | 9.577341 [10.422659 8 
143 9.548693 9970970 | | 9:577723 10.422277 | I7 
{44 | 9549027 | 9.970922 | 9.578104 | 10.421890 | 16 
| 45 1 9:549360 | 9.970874 | | 9-578486 | 10.421514 | 15 
46 9.549693 | 9-970826 | | 9.578867 | 10.421133 | 14 
| 47 1 9559026 1-9-970779 | | 9:579248 | 10.420752 | 15 
148 9.550359 | 9970731 | | 9-579628 | 10.420371 | 12 
149 | 9:559092 | 9.970683 | | 9.580009 | 10.419991 | 11 
1 9.551024 | 9.970634 9.580389 | 10.419611 | 10 
59.581355 | 9-970586 | | 9.580769 | 10.419231 | gf 
52 9.551687 9.970538 9.581149 | 10.41855l j $ 
53 | 9.552018 | 9.970490 9.581528 | 10.418472 | 7 
54 | 9.552349 9-970442 | | 9.581997 | 10.418092 | 6 
55 9.552680 | 9.970394 | | 9.582286 | 10.417713 5 
| | 
56 | 9.553010 | 9.970345 | | 9.582665 | 10.417335 | 4 
57 | 9:553349 | 9-970297 | | 9-583043 | 10.416956 3 
58 | 9.553070 | 9-970249 | | 9.583422 | 10.416578 | - 2 
59 | 9.554000 | 9.970200 9.583800 | 10.416200 | 1 
| 1 9.554329 . 0x52 | 9.584177 | 10.415823 | : of 
Co. fe. * Sine. | | Co-tang. | Tangent. | MI. 
| Degree 69. .N 
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The Table of Sines and Tangente. 

— —ñ— — | — 
| Tangent. | Covarg. | 

9.55429 [9.970152 | | 9-584177 | 10:415822 | 60 
1 | 9.554658 | 9.970103 | | 9:584555 | 109:415445 | 59 
2 | 9:554987 | 9:970055 9.584932 10.415008 | 580% 
_ 3 | 9:555315 | 9970006 | | 9.585309 | 10.414691 | 57 
4 | 9:555043 | 9-909957 | | 9-585686 | 10.414314 | 56 
5 | 9:555971 | 9.969909 | | 9.586062 | 10.413938 | 55 
6 | 9-556299 | 9.969860 | | 9.586439 | 10.413561 | 54 
7 | 9:556626 | 9.969811 9586819 10.413185 53 
89.556953 9.969762 | | 9.587190 | 10.412810 52 
9 | 9557279 | 9:969713 | | 9:587566 | 10.412434 | 51 
10 9-557606 9959655 | | 9.587941 | 10412059 | J 
ur | 9557932 | 9.969616 | | 9.588316 | 10.411684 | 49 
12 9.558258 9.959567 | 9.588691 | 10.411309 | 48 
139.5588583 | 9.969518 | | 9.589066 | 10.410934 | 47 
14 | 9-558909 | 9.959469 | 9-539449 | 19.410560 | 46 
15 | 9-559234 | 9:969419 | | 9-589814 | 10.410185 | 45 
16 | 9.559558 | 9.909370 | | 9590188 | 10.409812 | 44 
17 | 9.559883 | 9.969321 | | 9.590561 19.409438 | 43 
18 | 9.560207 | 9.969272 | | 9.590935 | 10.409065 | 42 
19 | 9.560531 | 9.969223 | | 9.591308 | 10.408692 | 41 
20 9.560855 | 9-969173 | | 9:591681 | 10.408319 | 49 
21 | 9.561178 | 9.969124 | | 9.592054 | 10:497946 | 3 
22 | 9.561501 | 9.969075 | | 9.592420 | 10.497574 | 3 
23 | 9.561824 | 9.969025 | | 9.592798 | 10.407201 | 37| 
24 | 9-562146 | 9.968976 | | 9.593170 | 10.496829 | 36 
25 | 9-562468 | 9.968926 | | 9593542 | 10.496457 | 35| 
26 | 9.562790 | 9.958877 | | 9.593914 | 10.406086 | 34 
27 | 9.563112 | 9.968827 | | 9.594285 | 10.405715 33 
28 | 9:563433 | 9:958777 [9.594656 10.495 344 | 32 
29 | 94563754 | 9-968728 | | 9.595027 | 10,495073 | 31 
9.968678 9.595397 | 19.494602 | 39 
ne. | Sine. | | Co-targ. | Tangent. | M | 
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The Table of Sims and T e. 
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RE Degree 21. | 
M | Sine, | Co-fene, | | 'Yangent. | Co-tang. 1 1 | 
30 | 9:564075; | 9.968678 |: | 9.595397 | 10:404602 | 30 | 
31 | 96564396 | 9.968628 |, | 9.595768 | 10.494232 | 29 || 
32 9.564716 9.968578 9-590 6138 | 10.403862 28 
33 | 9:565036 9.968528 | 9.599508 | 10:403492 | 27 | 
34 | 9:595350 | 9.968478 | | 9.599878 | 10.403 122 26 
35 [9.565675 |. 9.968428 9.597247 | 10:402753 | 25 | 
36 | 9:555995 | 9.998378 | | 9.597616 | 10.402384-| 24 | 
379.5663149 958328 | | 9.597985 | 10.402015 23 
:38-] 9.565632 | 9.968278 9.598354 | 10.401640 22 
39 9.556951 2 9.598722 10.401277 | 21 
40 | 9.557209 | 9.968178 þ | 9.599091 | 10. 40099 20 
41 | 9557587 | 9.998128 | | 9.599459 10. 40054119 
42 9.56794 9.998978 | | 9.599827 | 10. 40017318 
43* | 9.568222 9.958027 | | 9.600194 10.399800 17 | 
44 | 9-568539-| 9.957977 | 9.600502 | 10:399438 | 16: 
45 | 9-508855 | 9.967927 | | 9.600929 | 10. 39907115 
4 9.569172 9.967876 | 9.501296 10. 398704 144 
47 9.569488 9.957826 9.501652 [10.398337 | 13 
48 9.569804 9.967775 | | 9.602029 10.397971 12 
49 | 9-570120 | 9.967725 | | 9.602395 | 109:397605 | 1 
59 | 9.570435 | 9.967074 | | 9.602701 | 10.397239 | 10 
51 | 9:570751 | 9.967623 | | 9.603127 | 10.396873'1| g: 
52 9.571005 9.967575 9.603493 10.3965 8 
539.5871380 9.967522 | | 9.603858 10.396142 7 
54 | 9:571695-] 9.967471 | | 9.604223-] 10:395777 | © 
\55 | 9-572009/| 9.967420/| | 9.604588 | 10.395412| 5 
156 | 97572322 9967370 | | | 9-004953'] 10.395047 | 4 
57 19-572036 | 9.907319 | | 9.005317 | 10-394083 1) 3 
58 9.872949 9.957268 | 9.605682 | 10.394318 2 
59 | 9-573263'| 9.967217 ben 10.393954 1 
2.57166 | 9.606410 ] 10.393590 | 0 
| nl Coofime. | Sine. | | Co-rang: | Tangent, || M 
| ps Degree 68. 5 4 
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The Table of Sines and T, angents. 


We Degree 22. 8 
M | Sine. | Co-fine. | | Tangent. | Co-tang, | 
o | 9:573575 | 9:967166 | | 9.606409 | 10.393590 | 60 
1 | 9:573888 | 9.967115 | | 9.606773 | 10.393227 | 59 
2 | 9.574200 | 9.967064. 9.607136 | 10.392863 | 58 
3 | 9.574512 | 9,967012 9.607500 | 10.392500 | 57 
49.574824 9.966961 9.607862 | 10.392137 | 56 
$1 9:575135 | 9.966910 | | 9.608225 | 10.391774 | 55 
69.575447 9.966859 | 9.608588 | 10.391412 | 54 
7 | 9-575758 | 9.966807 | | 9.608950 | 10.391050 | 53 
8 | 9.576068 | 9.966756 | | 9.609312 | 10.390688 | 52 
99.576379 9966705 | | 9.609674 10.390326 51 
-10 | 9.576689 | 9.96665 3 9.600036 | 10.399964 | 50 
11 | 9,576999 | 9.965602 9.610397 | 10.389603 | 49 
12 | 9.577309 | 9.966550 9.610758 | 10.389241 | 48 
13 9-577618 | 9.966499 9.611119 | 10.388880 47 
14 | 9:5377927 | 9.966447 9.611480 | 10.388520 | 46 
15 | 9:578236 | 9.965395 9.011841 | 10.288159 | 45 
16 | 9.578545 | 9.966344 9.612201 | 10.387799 | 44 
17 | 9.578853] 9.906292 9.012561 | 10.387438 | 43 
18 | 9:579161 | 9.966240 9.612921-| 10.387078 | 42 
19 9.579469 | 9.966188 9.913281 | 10.386719 | 41 
20 | 9.379777 | 9.900136 | | 9.613641 | 10.386359 | 40 
21 | 9.580984 | 9.966084 | | 9.614000 | 10. 386000 39 
22 | 9.580392 | 9.966032 9.014359 | 10:385641 | 38 
23 | 9550098 | 9.965980 | | 9.614718 | 10.385282 | 37 
24 | 9.331005 | 9.955928 | | 9.615077 | 10.384923 | 36 
25 | 9.591311 | 9-965876 | | 9.615435 | 10.384565 | 35 
26 | 9.581018 9.905824 | | 9.615793 | 10.384207 | 34 
27 | 9.581923 | 9.965772 9.610151 | 10.383848 | 33 
28 | 9.582229 | 9.965720 | | 9.616509 | 10.383491 | 32 
29 | 9.582534 | 9.965668 9.616867 | 10.383133 | 31 
30 | 9.582840 9.965615 9.617224 | 10.382770 | 30 
| Co-fine, | Sine. | | Co-tang. | Tangent. | M | 
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| The Table of Sines and Tangents. 

yy ! Degree 22. 1 
1M | Sine. | Co. fine. | Tangent. | Co-tang. | 

39 | 9.582840 | 9.965015 | | 9.617224 | 10.382770 | 30 
31 | 9:583144 | 9.965563 | | 9.617581 | 10.382418 | 29] 
32 | 9:583449 9.965511 9:617938 | 10.382001 | 28 
33 | 9-583753 | 9-965458 | | 9.018295 | 10.381705 | 27 
34 | 9.584058 | 9.965406 9.618652 | 10.381348 | 26] 
35 9:584361 9.905353 9.619008 | 10.380992 | 25 
36 | 9.584665 | 9:965301 9.619364 | 10380635 | 24 
37 | 9:584968 | 9.965248 9.619720 | 10.380279 | 23 
38 | 9.585271 | 9.965195 9.620076 | 10.379924 | 22 
39 | 9:5385574 | 9.965143 9.620432 10.379568 | 21 
40 | 9.585877 | 9.905090 9.620787 10. 379213 20 
41 | 9.386179 | 9.965037;| | 9.624142 | 10.378858 | 19 
42 | 9.586481 | 9.964984 | | 9.621497 | 10.378503 | 18 
4319.586783 | 9.964931,| | 9021852 | 10.378148 | 17 
44 | 9-587085 | 9.964878 | | 9.622200 | 10.377793 16 
45 | 9-587386 | 9.964825 | | 9.622561 | 10.377439 | 15 
46 | 9.587687 | 9.964772 | 9.622915 10.377085 14 | 
47 | 9-587988 | 9.964719 | | 9.623209 | 10.376731 | 13 
48 | 9.588289 | 9.964666 9.623023 | 10.370377 | 12 
49 | 9.588589 | 9.964613 | | 9.623970 | 10.376024 | 11 
50 | 9.588890 | 9.904560 | 9.624330 10.375670 | 10 
51 | 9.589190 | 9.964% 9.524663 19.375317 2 
52 | 9.889489 9.964454] | 9-025036 | 10.374964 8 
53 | 9:589789 | 9.964400 | | 9.025388 | 10.374612 | 7 
54 | 9:590088 | 9.964347 | 9.62574 | 10.374259 | 6 
55 9.590387 | 9964294 | | 9.626093 | 10.373907 | 5| 
56 | 9:590686 | 9.964240 | | 9.626445 | 10.373555| 4 
57 | 9-590984 | 9.964187 | 9.626797 | 10.373203| 3 
58 | 9.591282 | 9.964133 9.627149 10.372855 2 
59 | 9.591580 | 9.964080 | | 9.627501 10.372499 1 
bo 9.591878 9.964026 9.627852 | 10.372148 | Of 
| Co-fine, | Sine. | Co-vang. Tangent. M| 
48 Degree 67. | 


The Table of Sines and T angents. 
| Degree 23. s "I 
M | Sine. | Co-fire. | | Tangent. | - Co-tang. | 
0 9.591878 | 9.904020 | | 9.627852 | 10.372148 | 6o | 
1 | 9.592175 | 9.903972 | | 9.528203 | 10.371797 | 59 
2 | 9:592473 | 9.963919] | 9628554 | 10.371440 | 5B 
39.592770 | 9.963855 | | 9.228905 | 10.371095 | 57 
| 4 | 9:593967 | 9.963811 | | 9.629255 } 10.370744 | 56 
5 | 9-593363 9.963757 [9.29606 | 10.370394 4 
69.593659 | 9963703 | | 9629956 | 10.370044 | 54 
7 | 9:593955 ] 9:903050 5550306 10.369694 | 55 
8 | 9.594251] 9.953596 | 9.630655 | 10.369344 | 52 
9 | $-594547 | 9963542] | 9631005 | 10. 368998 51 
10 9.594842 | 9.903488 ] | 9.631354 10.368645 | 50 
11 | 9.595137 | 9:963433 | | 9631704 | 10.368296 | 49 
12 | 9.595432 | 9-963379] | 9-632053 | 10.367947 | 48 
13 | 9.395727 | 9.963325] | 9632401 | 10.367598 | 47 
414 | 9.596021 | 9.963271 | 9-632750 10.367250 | 46 
r5 | 9-596315 | 9.963217 ] | 9-633098 ] 10.366gor | 45 
16 | 9.596610 | 9.963102 | 9.633447 | 10.3665 53 | 44 
17 | 9.596903 | 9.963108] | 9.633795 | 10.366205 | 45 
18 9.597196 9.963054 | 9.63443 10.365857 | 47 
19 | 9:597490 | 9.962999 9.034490 10. 3655 104 
z0 | 9.597783 | 9-962945 | 2.8 10.365162 | 40 
21 | 9.598075 | 9.962890 | | 9.635185 | 10.364815 | 39 
22 9.598368 962836 9.635532 10. 36446838 
23 9.598560 9.962781 | 9.635879 10.364121 37 
24 9.598952 | 9.962726 | | 9.646226 | 10.363774 | 36 
25 | 9:599244 | 9962672] | 9636572 | 10.363428 | 35 | 
26 | 9.599536 | 9.952617 | | 9.636918 | 10.363081 | 34 
27 9.599827 | 9.962562 | | 9.637265 | 10.362735 | 33 
28 | 9.600118 9.962507 | 9.637610 | 10.302389 | 32 
29 | 9.600409 | 9.962453 | 9.637956 10.362044 | 31 
30 | 9.600700 | 9.962398 | | 9.638302 | 10.361698 | 30 
I. Oe. Sine. | | Co-tang. | Tangent. M 
Degree 66. 22 | © 
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30 | 9.600700] 9.962398 [9.538302 10. 361698 | zo 
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31 | 9-600990 | 19-992343 | | 9.638647 | 10.361353 | 
32 | 9.601280 | 9.962288 | | 9.638992 | 10.361007 
33 | 9-601570 | 9.962233 | | 9.639337 | 10.360662 | 
34 | 9-601860 | 9.962178 | | 9.639682 | 10.360318 
35 | 9.602149 ] 9.962122 | | 9.640027 | 10. 359973 
36 | 9.602439 | 9.962067 9.54371 10.359629 
37 9.602728 | 9.962012 | | 9.640716 | 10.359284 
38 | 9.603017 | 9.961957 | | 9.641060 | 10.358940 
39 | 9.603305 9.961902 | | 9.641404 10.358596 
49 | 9693594 | 9.951846 | | 9.641747 | 10.358253 
41 | 9-603882 | 9.961791 | | 9.642091 10.357999 
42 | 9:604170 | 9.961735 | | 9642434 | 10.357565 
43 | 9-094457 | 9-961680 | | 9.642777 10.357223 
44 | 9-094745 | 9.961624] | 9.643120 | 10.356980 
45 | 9-605032 | 9.961569 | | 9.643463 | 1.356537 
49 | 9.605319 | 9.961513 | | 9.643806 | 10.356194 
47 | 9-605606 | 9.961458 | | 9.644148 10.355852 
1483 | 9.605892 | 9.961402 | | 9.644490 | 10.355510 
149 | 9-606179 | 9.961346 | | 9.644832 | 10.355 168 
152 9.608465 | 9.961290 | | 9.645174 | 10.354820 
152 | 9606750 | 9.961235 | | 9.645516 | 10.354484 | J 
[52 | 9.607036 | 9.961179 | | 9.645857 | 10.354142 8 
53 9.507322 9.951123 | | 9.646199 |. 10.353801 | - 7 
54 | 9-007607 | 9.961067 | | 9.646540 | 10.353460 | 6 
55 | 9.607892 | 9.961011 9.645881 | 10.353119 5 
56 | 9.608176 | 9.960955 | | 9.647222 | 10.352778 | 4 
57 | 9.698461 | 9.960899 9.947563 | 10.352438 | 3 
58 | 9.608745 | 9.960842 | | 9.047903 | 10.352097 2 
59. 9.609029 | 9.950785 | | 9.648242 | 10.351757 | I] 
bo | 9.609313 | 9.960730 | | 9.648583 10.351417 0 
[ Co-fixe. | Sine. | | Co-tang. | Tangent. | M 
| Degree 66. | | 
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6 De Table of Sines and Tanpents. 
N | Degree 24. | TL = 
IM | Sine. | Co-fine. | Tangent. ] Co-tang. | 
© | 9.609313 | 9.960730 | | 9.648583 | 10.351417 | bo. 
1 | 9.609597 | 9.960674 | | 9.648923 | 10.351077 | 59. 
| 2 | 9.609880 | 9.960617 | | 9.649263 10.350737 | 5 
3 | 9.610163 | 9.960561 9.649602 | 10.350398 | 57 
41 9.610446 | 9.960505 9.649942 10.350058 56 
5 9.610729 | 9.960448 9.650281 10.349719 | 55, 
| 6 | 9.611012 | 9.960392 | | 9.650620 | 10.349380 | 54. 
7 | 9611294 | 9.960335 | | 9.650959 | 10.349041 | 53 
8 | 9.611576 | 9.960279 | | 9.651297 | 10.348703 | 52 
| 9 | 9.611858 | 9.960222 | | 9.651636 10.348364 51 
10 | 9.612140 | 9.960165 | | 9.651974 | 10.348026 50 
1 | 9.612421 9.960109 | | 9.652312 | 10.347688 | 49 
12 | 9.612702 | 9.960052 9.652650 | 10.347350 | 48 
1139.612983 9.959995 | | 9.652988 | 10.347012 | 47 
14 | 9.613264 | 9.959938 | | 9.653326 | 10.346674 | 46 
15 | 9.613545 | 9.959881 | | 9.653663 | 10.346337 | 45 
16 | 9.613825 | 9.959824 | | 9.654000 | 10.345999 | 44 
17 | 9.614105 | 9:959768 | | 9.654337 10.345662 43 
18 | 9.614385 | 9.959710 | | 9.654674 | 10.345325 42 
1'9 | 9-214565 | 9:959053 | | 9.655011 | 10.344989 | 41 
20 | 9.614944 | 9:959590 | 9.655348 | 10.344652 | 40 
21 | 9.615223 | 9.959539 | | 9.655684 | 10.344316 | 39 
22 | 9.615502 | 9.959482 | | 9.656020 | 10.343980 | 38 | 
23 | 9.615781 | 9.959425 | | 9.656356 | 10.343644 | 37 
*4 9.616060 | 9.959367 9.656692 | 10.343308 | 36 
25 | 9.616338 9.959310 9.657028 10.342972 | 35 
26 | 9.616616 | 9.959253 9.057363 | 10.342636 | 34 
27 | 9-616894 | 9959195 | | 9.657699 | 10.342301 | 33 
28 | 9.617172 | 9.959138 9.658034 | 10.341966 | 32 
29 | 9.617450 9.959080 9.058369 | 10.341531 | 31 
30 | 9-617727 | 9.959023 9.658704 | 10.341296 | 30 
| Co-fine. | Sine. | | Co-tarng. | Tangent. | M 
[ Degree 65. | 


7 he T, ab of Sines and 7. end. 


w Degree 24. e 
MI Sine. T Co . [ | Tangent. [ . rang. | © | 
30 | 9.617727 | 9.959923 | | 9.658704 | 1041296 J 30 | 
31 | 9.618004 | 9.958965 | | 9.659039 10.340962 29 
32 | 9.018281 | 9.958908 9.059373 | 10.340627 | 28 
33 | 9.618558 | 9.958850 9.659708 10.340292 27 
34 | 9.618834 | 9958792 9.660042 | 10.339958 | 26 
35 | 9.619110] 9.958734 | | 9.660376 | 10.339624 | 25 
36 | 9.619386 9-958677 | 9.060710 | 10.339290 | 24 
37 | 9.619662 | 9.958619 | | 9.661043 | 10.338957 | 23 
38 | 9.619938 | 9.958361 | | 9.661377 | 10.338623 | 22 
39 | 9.620213 2 | 9.661710 | 10.338290 | 21 
40 9.620488 | 9.958445 9.662043 10.337956 20 
| 41 | 9.020703 9-958387 9.062376 | 10,337623 | 19]. 
42 | 9.021038 | 9.958329 | | 9.662709 | 10.337291 | 18 
43 | 9-021313 | 9.958271 | | 9.663042 | 10.336958 | 17 
44 | 9.021587 | 9.958212 9.063374 | 10.336625 | 16 
45 | 9.621861 9:9581 54 9.663707 | 10.336293 | I5 
46 | 9.622135 | 9.958096 | | 9.664039 | 10, 335961 | 14 
47 | 9622409 | 9.938038 | | 9.664371 | 10.335629 13 
48 | 9.622682 | 9.957979 | | 9.664703 | 10. 335297 | 12 
49 | 9-622956 | 9.957921 | | 9.665035 | 10.334965 | 11 
50 9.623229 | 9.957862 9.665366 | 10. 334634 | 10 
51 | 9.623502 | 9.957804 | | 9.665697 | 10:334392 | 9 
52 | 9.623774 | 9:957745 | | 9-066029 | 10.333971 | 8 
53 9.624047 9.957687 | | 9.666360 | 10.333640 | 7 
54 | 9.624319 | 9.957628 9.666691 | 10.333309 | 6 
55 9.624591 | 9.957570 | | 9.667021 | 10.332979] 5 
'56 | 9.624863 | 9.957511 9.667352 10.332648 4 
57 9.625134 9.957452 9.667682 10.332318 3 
58 | 9.625406 | 9.957393 9.668012 | 10.331987 | 2 
59 | 9-025077 9.957334 | 9-568343 | 10.331657] 1 
60 | 9.625948 | 9.957276 | | 9.668672 | 10.331327 2 
| Co-fine. | Sine. | | | Co-tang. | Tangent. | M 
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Tre Table of Sines and Tangent. 


| | Degree 25. 
MI Sine. | Ca-one: | | Tangent. | . R 
99.629948 9.957276 þ | 9.668672 [10.331327 60| 
19.626219 9.957217 N 9.669002 10. 330998 59 | 
2 9.626490 þ 9.957158 | | 9.669332 | 104430068 58 
39.626760 f 9.957999 Þ 9.669561 10.330334 57 
49.6270 9.957040 9.669990 | 10.330009 | 56 
8 | 9.027300 9.956981 - | 9.670320 10.329680 [ 55 
6-| 9.627570-| 9.956922 | | 9.670649 |, 10. 32935% | 54 
7-| 9:627840 | 9.956862 | | 9.670377 | 10:329022 | 53: 
89.628109 9.956803 | 9.671306 þ 10.328694 52 
9:| 9:628378-| 9.956744 | | 9.671634 þ 10.328365 | 51 
10 9.628647-| 9.956684 | | 9.571963 þ 10:328037 50 
11. 9.628916 9.956625 |. 9.572291 10. 0.32770 49 
12. 9.629184 9.986865. 9.672619. 10.327381 48 | 
1319.629453 9-956506 | | 9.672947 10.327053 47 
14 9.629721 9.956446 | 9.673274 | 10.326725 45 
12.529989 9.956387 | | 9.673602 1.25398 45 
16, 9:630257 9 956327 9.073929} 10. 32600 44 
179. 639524 9.956267 | | 9. 674256 | 19:325743-|| 43 
89.635792 9.956208 | | 9.674584] 10.325410 | 42 
199631059 9.956148. | | 9.674910 | 10.325089, 41 
20 (9.631326 | 9.956088 | | 9 675237 | 19-324763 1:49 
21 9.631892 9.956029. | | 9675865 10.324436 39 
22 9855 59 9.955969] 9.675890 10.324110 38 
239632125 9. 958909] | 9.676216 | 10.323783 37 
249932392 9.955849 | 9676543 | 10.323457 30 
25 | 9.632057 | 9.955789 | | 9676869 | 10323131 [|35 
26 9685933 9:955729-| | 9:677194-| 10.322805 34 
27 9.633189 9.955569 9.677520 10.322480 33 
28 9.633454 9-955609.| | 9.677843-] 10.322154 32 
29 9.633719 9.955548 | 9.678771 10.321829 | 31 
30 [| 9.633984 | 9.955488 | | 9.678496 10.321504 30 
Gene.] Sine. [i | Co-tamge I. Tangent. IA 
N F _ Degree 64. 888 | 
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Tie Table of Sines and Tangents. 
My = Degree 25. n 
M | Sine. Co-fire. | | Tangent. | De. 1 
| 30 | 9.633984 | 9.955.488 | | 9 678496 | 19.321504 | 30 
31 | 9.634245 | 9:955428 | | 9.678821 10.321179 29 
32 | 9.634514 9-955367 | | 9:679146 | 10.320854 28 
33 9.634778 9.955307 9.679471 [ 10.320529 | 27 
1 34 9035042 9-955246 | | 9:679795 | 10.320205 | 26 
q 35 | 9.6 535306 9.955186 L 10.319880 25 
36 9635770 9.955725 Le | 10:319556 | 24. 
| 37 | 9:635833 | 9:955065 | | 9.680768 | 10.319232 | 23 
38 | 9.636097 | 9:955004 | | 9.681092 10.318908 22 
39 | 9.636360 | 9.954944 | | 9.681416 | 10.318584 | 21 
40 | 9.636623 | 9.954883 5.681740 10.318250 20 
41 9.636886 9.954823 9.682063 | 10.317937 | 1 
42 9.637148 | 9.954762 | | 9:682386 | 10:317613 | 
43 8.63741 | 9.954707 | | 9.682710 | 10.317290 | 
44 | 9637673 9.954640 85 10.316957 1 
45 | 9:637935 | 9:954579 þ | 9.683356 | 10.316644 75 
145 | 9.638197 | 9.954518 | 5003670 | 10.316321 
47 9.638458 9.954457 9.684001 [10.315999 
43 | 9.638729 | 9.954396 9.684324 10.315676 
49 | 9638981 | 9.954335 Þ | 9-684646 | 10.315354 | 
509.6390242 | 9:954274 | | 9.684968 | 10.315032 
[51 | 9.639503 9.954213 | 9.685290 | 10.314710 | 
[52 9.639764 9-954152 9.685012 | 10.314388 | 
53 | 9.640024 9.954990 | | 9.685934. | 10.314066 | 
54 9.040284 9-954029 | | 9.686255 | 10.313745 | 
(55 9.640544 9.953968 | 9.686577 | 10:313423 | 
56 | 9.640804 | 9.953906 9.686898 | 10.313102 | 
57 | 9.641064 | 9.953845 | | 9-687219 | 10.31278r | 
58 | 9.641323 | 9-953783| | 9-087540 | 10.312460 | 
59 | 9.641583 | 9:953722 9.087861 | 10.312138 
bo | 9.641842 | 9.953060 9.688182 10.311818 
| Cope. | Sine. | | Co-tang. | Tangent. | 
Degree 64 


The Table 2 Sines and Tangente 


Degree 26. 


M | Sine. | Co-ſine. | | Tangent. | Co-tang. | | 
© | 9.641842 | 9.953660 | | 9.688182 | 10.311818 | 60 
19.642101 | 9.953598 | | 9.688302 | 10.311498 | 59 
2 9.642360 | 9.953537 | | 9.688823 | 10.311177 | 58 
3 | 9.642618 | 9.953475 | | 9 689143 | 10.310857 | 57 
| 4 | 9642876 | 9.953413 | | 9.689463 | 10.370537 56 
5 | 9-043135 | 9-953351 | | 9.689783 | 10.310217 | 55 
| 5 | 9043393 9-953290 | | 9.690103 | 10.309897 | 54 
79.643650 9.953228 | | 9.690423 | 10.309577 | 53 
$ | 9.643908 | 9.953166 | | 9.690742 | 10.309258 | 52 
9 | 9:644t65 | 9.953104 | | 9.691061 | 10.308938 | 51 
10 | 9.644423 | 9.953042 | | 9.691381 | 10.308619-| 50 
11 | 9.644680 | 9.952080 9.691700 | 10.308300 | 49 
12 | 9.644936 | 9.952917 9.692019 | 10. 307981 48 
13 | 9.6451939.952885( | 9.692338 | 10.307662 | 47 
14 | 9:645449 | 9-952793 | 9.692656 10:307343 | 46 
15 9.645706 | 9.952731 | | 9.692975 | 10.307025 | 45 
16 | 9.645962 | 9.952668 | | 9.693293 | 10.306706 | 44 
17 þ 9.646218 | 9.952606 þ | 9.693412 | 10.306388 | 43 
18 9.646473 9.952544] 9.593930 10.30 | 42 
19 | 9.646729 | 9.952481] | 9.694248 10.3057 52 | 41 
122.1 9046984 | 9.952419 | | 9694566 | 10.305434'] 40 
21 | 9.647239 | 9-952356 | | 9.694883 | 10.305117-| 39 
22 | 9.647494 | 9952294 | 9-695201 | 10.304799 |'38 
23 | 9-647749 | 9-952231 } | 9.695518 | 10.304482 | 37 
24 | 9.648 o04 | 9.952168.] | 9.695835 | 10.204164 | 36 
25 [9.648258 | 9.952105 | | 9.696153 | 10.303847 | 35 
26 | 9.648512 | 9.952043 | | 9.696470 | 10.303530 | 34 
27 | 9.648766 | 9.951980 | | 9.696786 | 10.303213 | 33 
28 | 9.649020 | 9.951917 9.697103 | 10.302897 | 32 
| 29 | 9-049274 | 9.951854 | | 9.697420 | 10.302580 | 31 
30 | 9-049527 J 9.931791 | | 9.697736 | 10.302264 | 30 
I Co-fine. | Sine. | | Co-tang. | Tangent, | M 


— 


PY PL X29 


Degree 63. 


— — — 
The Table of Gives and Tangent: [ 
| Degree: 26 1 
M Sine. | Co-fine.' } | Tangent. } Con. 
30 | 9.649527 | 9.951797 | | 9.697736 | 10-302264 | 3 
31 | 9.64978 | 9.951728 |. | 9.698053 | 10.301947 | 29 | 
32 |} 9.650034 | 9.951665 | | 9.698369 | 10.301631 1 
33 9.650287 | 9.951602 | | 9.698685 10.301315 | 27 
34 | 9-050519 | 9951539 | 75 76 1 8 2⁰ 
35 | 9.650798 | 9.951476 | 9.699316 10.300084 | 25 
36 | 9.651044 | 9.951412 | | 9.69963z 10. 300368 24 
.37 9.651296 9.951349 | 4699947 | 10.300052 | 23 
38 | 9.651648 9.95286 | 9.700263 | 10 299737 22 
399.65 1800 9.951222 9.700578 | 10.299422 | 21 | 
40 9.652052 | 9.951159 | |. 9.700893 | 10.299107 | 20 
| 41 | 9.652303 | 9.951095 | 9.701208 | 10.298792 | 19, 
49.652555 9.951032 |; | 9.701522 | 10:298477 | 18 
439.65 2806 9.950968 | | 9.701837 [ 10.298163 | 17. 
44 | 9.653057 | 9.950905 1 — 4 | 10.297348 | 16 | 
45 | 9:053307 | 9950841 | | 9.702466 | 10297534} 15] 
46 | 9-653558 | 9.950777 | | 9.702780 10.297279 | 14 | 
47 9653808 | 9.959714 || | 9.703095 |. 10.296905 131 
489. 654059 | 9.950550 | 9 7034 |, 10.296591 | 12 | 
49 9.65439 9-950586 | 9.353723 10296277 nf 
50 | 9:654558-] 9:950522 | | 9-704036 | 10.295964 | 10 
51 9:654808 | 9.950458 | | 9-704350 0. 299690 9 
52 9.655057 9.950394] | 9.704663 | 10.298337 8 
33 | 9-655307 9.950330 [ 9.704976 10.295023 | 7 
54 | 9-655556 | 9.950266 | 9.705290 10.294750 6 
55 | 9-655805 } 9:950202 | | 9.705603 | 10:294397 | 5 
56 | 9656053 | 9.950138 | "9-705916 | 16 | 10294084 | 4 
57 | 9.656302 | 9.950074 | | 9.706228 | 10.293771 3 
58 | 9.656550 | 9.950009 | | 9.706541 10.293459 2 
59 9.656799 9:949945 | 9.706653 10.293146 | 1 
50 | 9.657047 | 9-949881 | | 9.707166 10.292834 
| Co-fine. | Sine. | Co- tang. ] Tangent. | M 
Degree 63. 1 


(N2] 


"The 7. able of ines and 7 angents. 


— 


Degree 27. 


_ — 
o 


4 | Co-tang. | Tangent. [1 M 
— 


M | Sine. | Co-fine. | | Tangent. | Co-tang. 1. 
© | 9:657047 | 9:949880 | | 9.707166 |10.292834 | 60 
4 | 9.657295 | 9949816 | 9.707478 | 10. 29 92 59 
29.657542 | 9:949752 | | 9.707790 10.29 2210 58 
39.657790 9.949687 708102 | 10.291898 | 57 
49.658037 9.949623 | 9.708414 | 10.291586 | 56] 
5 | 9-058284. | 9-949558 | | 9-708726 | 19.291274 55 
| 6 | 9658531 | 9.949494 | | 9709037 | 10299963 | 54 
4 7 | 9258777 9:949429 | | 9799349 10. 299065153 
{| 3 | 9-659024 | 9.949364 | 9.709660 10. 290340 52 
99659271 | 9.949300 | | 9.709971 | 10.290029 | 51 
$10 | 9.659517 9949235 1 eee 50 
— — - — —d .wü— — 
959783 | 9.949170 | | 9.710593 | 10.289407 | 49| 
| 12 | 9.660009 | 9.949105 9.710904 | 10.289096 48 
13 9.660255 9.949040 | [9.711214 10.288789 47 
414 | 9.660500 | 9.948976 | | 9.711525 [10.288475 46 
dT 9.660746 | 9.948910 | | 9.711836 | 10.288164 | 45 
16 | 9.660991 | 9.948845 | | 9.712146 | 10.287854 | 44 
1179.661236 9.948780 | | 9.712456 | 10.287544 | 43 
118 9.661481 | 9.948715 9.712766 | 10.287234 | 42 
429 | 9-561726 | 9.948650 | | 9.713076 | 10.286924 | 41 | 
{20 | 9.661970 | 9.948584 | | 9.713386 | 10.286614 40 
121 9.662214 9.948519 | | 9.713695 | 10.286305 39 
22 | 9.662459 | 9.948453 | |} 9.714005 | 10. "205995 38 | 
23 | 9.662702 | 9.948388 | | 9.714314 | 10.285686 | 37 | 
424 | 9:662946 | 9.948323 | | 9.714624 | 10,285376 | 36 
25 9.663190 [9.948257 | | 9.714933 | 10.285067 35 
26 | 9.663433 | 9.948191 | | 9.715241 | 10.284758 | 34| 
279.6653677 9.948126 | | 9.715550 | 10.284449 | 33 
1289.563920 | 9.94 9.715859 | 10.284149 | 33 
129 9,654163 | 9.947995 9.716168 | 10.283832 | 31 | 
30 | 9.564406 | 9.947929 | | 9.716477 | 10.283523 | 30 
SF | C-fre. | Sine. 


El. 


e —— P - 


— A 
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— — 
The Table of Sines and T angents. 


MI Sine. | Co-fme, | | Tangent. | Co-tang. | | 


30 | 9.664406 | 9.947929 | | 9.716477 | 10.283523 | 30 


9.716785 


31 9.664648 | 9-947 863 | 10.283215 | 29 
z2 | 9.664891 | 9.947797 | | 9.717093 | 10.282907 | 28 
33 | 9:665133 | 9:947731 | 9.717401 | 10.282598 | 27 
34 | 9.665375 9.947666 | 9.717709 | 10.282291 | 26 
35 | 9.665617 | 9947599 [9.71817 10.281983 | 25 
36 | 9.665858 | 9.947533 | | 9-718325 | 10.281675 | 2 
37 | 9.666100 | 9.947407 9.718633 | 10.281367 | 23 
38 | 9.666341 | 9.947401 9.718940 | 10.281060 | 22 
39 | 9-666583 | 9.947335 | | 9-719248 | 10.280752 | 21 
49 | 9.666824 | 9.947209 | | 9-719555 | 10280445 1.20 
41 | 9.667065 | 9.947203 | | 9.719862 | 10.280138 | 19 
42 | 9.667305 | 9.94713 9.720169 | 10.279831 | 18 
43 | 9:667546 | 9:947070 | | 9-720479 | 10-279524 | 1 
44 | 9667786 | 9.947004 9.720783 Pages add! (pn 
45 | 9.668026 9240937 9.721089 | 10. 27891115 
46 | 9.668266 | 9.946871 9.721395 10.278504 14 
47 | 9.668506 | 9.946804 | 9.72170 | 10.278298 | 13 
48 | 9.668746 | 9.946738 | | 9.722008 | 10.277991 | 12 
49 | 9.668986 | 9.946071 9.722315 | 10.277685 | 11: 
50 | 9.669225 | 9.946604 | *| 9.722021 | 10.277379 | 10 
51 | 9.669464 | 9.946537 | | 9-722927 | 10.277073| 9 
52 | 9.069703 9.940471 9.723232 | 10. 2767688 
53 | 9.669942 | 9.946404 (9.723838 | 10.276462 7 
54 | 9.670181 | 9.946337 | | 9.723843 | 10.276156 | &f 
9.670419 | 9.946270 9.724149 | 10.275851 | 5; 
56 | 9.670057 | 9.9423 | 9.724454 | 10-275546 | 4 
57 | 9670896 | 9.946136 | | 9.724759 175240 4 
58 | 9.671134 | 9.946069 | | 9.725065 | 10.274935 | 4 
59 | 9.671372 | 9.945002 | | 9.725369 | 10.274630| 1 
60 | 9.671909 | 9.945935 9.725074 | 10.274326] O 
| Co-jzae Sine. | | Co-tang. | Tangent | M 
broth | Degree 62 TA 
— ö— | 


The Table of Sines and Tangents. | 

: Degree 28. 

M | Sine. | Ce. ne. | Tangent. | Co-tang. | | 
© | 9.671609 | 9-945935 | | 9.725674 | 10.274326 | bo | 


9.671847 | 9.945868 | | 9.725979 | 10.274021 
9.672084. | 9.945800 9.726284 | 10.273716 | 58 
| 9-572321 | 9:945733 | 9.726588 | 10.273412 | 57 

9-072558 | 9.945606 | | 9.726892 | 10.273107 | 56 
9.672795 9945598 | | 9.727197 | 10.272803 | 55 


9073032 9.945531] | 9.727501 10.272499 54 
9.67 3269 | 9.945463 9.727805 10.272195 | $3 | 
9-073505 | 9.945 396 9.728109 | 10.271891 | 52 | 
9-673741 | 9.945328 | 17 9.728412 | 10.271587 | 51 
10 | 9.673977 9.945261 9.728716 | 10.271284 | 50 


11. | 9.674213 9.945193 | | 9.729020 | 10.270980 49] 
129.6744490 9:945125 [ | 9729323 | 10.270677 | 48; 

9-674684 | 9.945058 | | 9.729626 | 10.270374 | 47 
9674919 9.94499 9.729929 10.270070 46 
15 | 9.675154 19.730232 | 10.269767 | 45 


16 | 9.675389 9.944854 | 9.739535 | 10-269464 | 44 
þ *7 | 9-575024 | 9-944789 | | 9.730838 | 10.269162 | 43 
15 | 9075859 | $:944718 | | 9.731141 | 10.268859 | 42 
19 | 9.676094 | 9.944650 | | 9.731443 | 10.268556 41 
| 20 9.676328 | 9.944582 | | 9.731746 | 10.268254 | 40 


21 9.676562 | 9.944514 | 2. 732048 | 10. 26795 
22 | 9.676796 | 9.944446 | | 9.732351 | 10.267649 38 
23 | 9077030 | 9:944377 | | 9:732653 | 10:267347 | 37 
24 | 9-677264 | 9.944309 | 9-732955 | 10.367045 | 36 
25 | 9077497 | 9:944241 | | 9-733257 | 10.266743 | 35 
(26 | 9:677731 | 9:944172 | | 9.733558 | 10.266441 | 34| 
{27 | 9-577964 | 9.944104 | | 9.733860 | 10.266140 33 
28 9.678197 | 9.944036 | 9.734162 | 10.265838 | 32 
29 9078430 | 9:943967 | | 9.734463 | r0.265537 | 31 
30 | 9.078663 | 9.943898 } | 9.734764 | 10.265236 | 30 

| Co-fine. | Sine. | | Co-tang. | Tangent. | M] 


Degree 61. 
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The Table of Sines and 7 agents. 


. 


111 — 


ALA aliens. Mas. oth. Ls tn. hes. AM 4 . 


5 
. A 

boy Degree 28. 3 
IMI Sine. Co-fime. |, | Tangent. | Ci-rang. | | 
| 39 | 9678663 | 9.943898 | | 9-734764 | 10.265236 | 0 
31 | 9.678899 | 9.943830 | | 9-735906 10.264934 | 29] 
32 | 9.679128 | 9.943701 9.735367 10.264633 28 
33 | 9.679360 9.943692 | 9.735668 10.264332 | 27 
34 | 9-679592 | 9-943024 | | 9-735998 | 10.264031 | 26] 
35 | 9679824 | 9.943555 | | 9:736269 | 10.263731 | 23 
36 | 9.680056 | 9.943486 | 9.736570 10. 263430 24] 
37 | 9-680288 | 9.943417 | | 9.736870 | 10.263130 | 23 
38 9.6805 19 9.943348 | 9.737171 | 10.262829 22þ 
39 | 9-680750 | 9.943279 | | 9-737471 10.262529 | 21 
40 9.680982 | 9.943210 | | 9.737771 | 10.262229 | 20 
41 | 9.681213 9.943141 | | 9.738071 | 10.261929 19 
42 | 9.681443 | 9.943072 | | 9.738371 | 10. 261629 | 18 
4319.691674 9.943003 | 9.738071 | 10.261329 | 17] 
449.68 1904 9:942933 | [9.73897 | 10.201029 | 16F 
45 | 9682135 | 9.942864 | | 9-739271 | 10-260729 | 15 
46 | 9.682365 9:942795 | | 9-739570 | 10.260430 | 14 
47 | 9-682595 | 9.942725 } | 9-739870 | 10. 26013013 
48 9.682825 | 9.942656 | | 9.740109 | 10.259831 | 12 
49 | 9-683055 | 9.942587 | | 9.740468 | 10.259532 | 11 
50 9.683284 9.942517 | | 9:749707 10.299233 | 18. 
{| 51 | 9.683514 | 9.942448 | | 9.741066 | 10.258934 | gf 
| 52 | 9-683743 | 9.942378 | 9.741365 | 10.258635 | 8 
| 53 | 9.68397 9.942398 | | 9.741664 | 10.258336 | -7 
54 | 9.684201 | 9.942239 | | 9:741962 | 10.258038 | 6 
55 | 9:584430 | 9.942109 | 9.742201 | 10.257739] $ 
56 | 9.684658 1.9.942099 | | 9-742559 | 10-257441 | 4 
57 | 9.684887 | 9.942029 { | 9.742858 | 10.257148 | 3 
58 | 9.683115] 9.947959 | 9.74356 10.250844 | 2 
5919.685343 | 9-941339 | | 9743454 | 19.250540 | 1 
60 | 9.685571 | 9.941819 | | 9.743751 | 10.256248 | © 

| Cons. | Sine. | | Co-rang. | Tangent. | M 
78 Degree 61.  _ Lge, 


i | 
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The Table of Sines and Tangents. 

| 8 2 | Degree 29. 333 

M | Sine. | Co-fime: | | Tangent. | Co-tang. | 

; © | 9.685571 | 9.941819 | | 9.743752 | 10.256248 | 
r | 9.685799 | 9-941749 | | 9-744950 | 10.255950 | 59 
2 | 9.686027 | 9.941679 9.744.348 | 10.25 5652 | 58 
3 | 9.686254 | 9.941609 | | 9.744645 | 19-255355 | 57 
4 | 9.686482 | 9.941539 | | 9-744943 | 10.255057 | 56 
| 5 | 9.686709 | 9.941468 | | 9.745240 | 10.254760 | 55, 
6 | 9.086936 9.941398 | | 9.745538 | 10.254462 | 54 
7 | 9-687163 | 9.941328 | | 9.745835 | 10.254165 | 53 
89.587389 9.941257 | [9.746132 | 10.253868 | 52 
9 | 9.687616 | 9.941187 | | 9:746429 | 10. 253571[ 51 
10 9.687842 9.941116 9.74676 10. 253274 50 
11 9.688 9.941046 9.747023 | 10.252977 | 49 
12 | 9.688295, | 9.940975 9.747319 | 10.252680 | 48 
13 | 9.688521 | 9.940905 | | 9.747616 | 10.252384 | 47 
14 | 9.688747 | 9.949834 | | 9-747972 | 10.252087 | 46 
15 | 9.688972 | 9.940763 i 9.748209 10.251791 | 45 
16 | 9.689198 | 9.940693 | | 9.748505 | 10.251495 | 44 
17 þ 9.689423 | 9.940622 9.748801 | 10.251199 | 43 
18 | 9.689648 | 9.940551 | | 9749097 | 10.250903 | 42 
19 9.689873 | 9.940480 | | 9-749393 | 10250607 | 41 
20 | 9. 9.940409 | | 9-749689 | 10.250311 | 40 
21 | 9.690323 | 9.949338 | | 9.749985 | 10.250015 | 39 
22 | 9.690548 | 9.940267 9.750281 | 10.249719 | 38 
23 | 9.690772 | 9.940196 | | 9.750576 | 10.249424 | 37 
24 | 9.69 9.940125 9.750872 | 10.249128 | 36 
25 | 9.691220 | 9.940053 9.751167 10.248833 | 35 
26 | 9.691444 | 9.939982 | | 94751462 | 10.248538 | 34 
27 | 9.691668 | 9.939911 | | 9.751757 | 10.248243 | 33 
28 | 9.691892 | 9.939840 9.752052 | 10.247948 | 32 
29 | 9.692115 | 9.939708 | | 9.752347 | 10-247053 | 31 
30 | 9.692339 | 9939697 | | 9.752042 | 10.247358 | 30 
| Co-fine. | Sine. | | Ci-tang. Tangent. M 
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The Table of Sines and 7. anpents. 


Degree 29. | 

M | Sine. | Co-fine. | | Tangent. | Co-tang. | 
30 | 9.692339 | 9.939697 | | 9-752642 | 10.247358 | 30 
31 9.692562 | 9.939625 | | 9.752937 | 10.247063 | 29 
32 | 9.692785 | 9.939554 | 9.753231 [10.246769 28 
33 | 9.693008 | 9.939482 | | 9.753526 | 10.246474 | 27 | 
34 | 9:693231 | 9.939410 | | 9.753820 | 10.246180 | 26 
35 | 9-593453 | 9.939339 | | 9.754115 | 10-245885 | 25 
36 | 9.693675 | 9.939267 | | 9.754499 | 10.245591 | 24 
37 | 9-593898 | 9.939195 | | 9-754703 | 10-245297 | 23 
38 | 9.694120 | 9.939123 | 9.754997 | 10.245003 | 22 
39 2.694545 9-939051 | | 9.755291 10.244709 | 21 
40 | 9094564 | 9-938980 | | 9-755584 | 10-244415 | 20 
41 | 9.694786 | 9.948908 | | 9.755878 | 10.244122 | 19 
42 | 9.695007 | 9.938835 9.756172 | 10.243828 | 18 | 
43 | 9.695229 | 9.938763 | | 9.756465 | 10.243535 
44 | 9.695450 | 9.938691 | | 9.756759 | 10.243241 | 16 | 
45 | 9.695671 | 9.938619 | | 9.757052 | 10.242948 | 15 | 
46 | 9.695892 | 9.938547 | | 9:757345 | 10.242655 | 14 
47 | 9696113 | 9.938475 | | 9.757638 | 10.242362 | 13 
48 | 9.696334 | 9.938402 | | 9.757931 | 10.242069 | 12 | 
499.6965 54 | 9.938330 | | 9-758224 | 10.241770 | 11 | 
50 |*9.696774 | 9.938257 | | 9-758517 | 10.241483 | 10 
51 | 9.696995; | 9.938185 9.758810 10.241190 
52 | 9.697215 | 9.938112 9.759102 | 10.240898 
53 | 9697435 | 9.938049 3.79395 | 10.240605 
54 | 9-697654 | 9.937957 | 9-759687 | 10.240313 
55 | 9.697874 | 9.037895 | | 9759979 | 10.240021 
56 | 9.698093 | 9.937822 9.760271 10.239728 
57 9.698313 9.937749 9.760564 10. 239436 
58 | 9.698532 | 9.937076 9.760856 | 10.239144 
59 | 9.698751 | 9.937003 9.761147 | 10.238852 
bo | 9.698970 | 9.937531 | | 9.761439 | 10.238561 

| Co-fime. | Sine. | | Co-tang. Tangent. 

Degree 60. 
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Tube Table of Sines and Tangents. 


— 


— 


3 | Degree 30. ig 
MI Sine. | Co-fine. | | Tangent. | Co-tang. | 
0 | 9.698970 | 9.937531 | | 9.761439 | 10.238561 | 60 
1 | 9.699189 | 9.937458 | | 9.761731 | 10.228269 | 59 
29.659940 9.937385 [| 9.762023 | 10.237977 | 58 
3 | 9.699625 | 9.937312 | | 9.762314 | 10.237686 | 57 
4 | 9:699844 | 9.937238 | | 9.762606 | 10.237394 | 56 
5 | 9.700062 9-937165 9.762897 | 10.237103 | 55 
6 | 9.700280-| 9.937092 | | 9.763188 | 10.236812 | 54 
7 | 9-700498 | 9.937019 | | 9.703479 | 10.236521 | 53 
8 | 9.700716] 9.936945] | 9.763770 | 10.236230 | 52 
9 | 9.700933 | 9.936872 | 9.764061 | 10.235939 | 51 | 
to | 9.701151 | 9.935799 9.704352 | 10.235648 | 50 
11 | 9.701368 | 9.936725 | | 9.704643 | 10.235357 | 49 
12 | 9.701585 | 9.936552| | 9.764933 | 10.235007 | 48 
13 | 9.701802 | 9.936578 |. | '9.765224 | 10.234776 47 
14 | 9.702019 | 9.936305 | | 9.765514 | 10.234486 | 46 
EA 9.936431 [9.765805 10. 234195 | 45 
16 | 9.702452 | 9.936357 9.766095 10.233905 44 
17 9.702669 | 9.936284 9.766385 | 10.233615 43 
18 | 9.703885 | 9.936210 | | 9.766675 10.233325 42 
19 | 9.703101 | 9.936136 | | 9.766965 | 10.233035 | 41 | 
20 | 9.703317 | 9.936062 | | 9.767255 | 10.232745 | 40 
21 | 9.703533 | 9-935988 | | 9.767545 | 10.232455 | 39 
22 | 9.703748 | 9.935914 | | 9.707834 | 10.2321606 | 38 
23 | 9-703904 | 9.935840 | | 9.768124 | 10.231876 | 37 
24 | 9.704179 | 9.935706 | | 9.768413 | 10.231587 | 36 
259. 704395 | 9-935092 | | 9.768703 | 10.231297 | 35 
26 | 9.704610 9.935018 9.768992 | 10.231008 | 34 
27 | 9-704825 | 9.935543 | 9.769281 10.230719 | 33 
28 | 9.705040 | 9.935469 | | 9.769570 | 10.230430 | 32 
29 | 9-705254 | 9.935395 | 9-709859 | 10.2301441 | 31 
30 9.705409 | 9.935320 9.770148 | 10.229852 | 30 
| | Co-fine. | . Sine. | | Co-tang. Tangent. M 


Degree 59. 


je 


63 


* 
. 
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Tybe Table of Sines and J. angents: 9 


— 


Degree zo. 

M | Sine. | Co:fire. | | Tangent. | Co-tang. | 

30 | 9-705469 | 9.935320 |_| 9-770148 | 10.229852 | 30 
31 | 9.795683 | 9.935249 | || 9-770437 | 10.229563 | 29 
32 | 9.705897 | 9.935171 | | 9.770720 | 10:229274 | 28 
33 | 9-706112 | 9.935097 | | 9 771015 | 10.228985 | 27 
34 | 9.706326 9.935922 | 9.771303 | 10.228697 | 26 
35 | 9790539 | 9:934948 | | 9-771592 | 10.228408 | 25 
36 | 9.706753 9.934873 | | 9.771880 | 10.228120 | 24 
37 9.706967 | 9-934798 | | 9.772168 | 10.227832 | 23 
38 | 9.707180 | 9.934723 9.772456 | 10.227543 | 22 
39 9.707393 | 9:934649 | | 9-772745 | 10.227255 | 21 | 
40 | 9.707606 | 9.934574 9.773033 10.226967 | 20 
41 | 9-707819 | 9934499 | | 9-773321 | 0.220679 | 19 
42 | 9.708032 | 9.934424. 9.773008 | 10.226391 | 18] 
43 | 9-708245 | 9.934349 | 9.773896 10.226104 | 17 
44 | 9-708457 9.93474 | 9-774184 | 10.225816 | 16 
45 | 9-708670 | 9.934199 | | 9.774471 | 10.225529 | 15 
46 | 9.708882 | 9.934123 9.774759 | 10.225241 | 14 
47 | 9-799094 | 9:934948 | | 9-775046 | 10.224954 | 13 
48 | 9.709300 | 9.933973 | | 9-775333 | 10.324666 | r2 
49 | 9-709518 | 9.933897 | | 9.775021 | 10.224379 | 11 
co | 9.709730 | 9.933822 |, | 9.775908 | 10.224092 | 10 
51 | 9.709941 | 9.933747 | | 9-770195 | 19.223805 |, 9 
52 | 9.710153 9.933071 9.770482 10.223518 | 8 
53 | 9-710304 | 9.933596 | 9.770768 | 10.223232 | 7 
54 | 9-710575 þ 9-933520 | [9.777055 | 10.222945 | 6 
55 9.7 10786 | 9.933444 | | 9-777342 [10.222658 5 
56 | 9.710997 | 9-933309 | [9.777628 | 10.222372 | 4 
57 | 9-711208 | 9.933293 | | 9-777915 | 10.222085 | 3 
58 | 9.711418 | 9.933217 9778201 | 10.221799 | 2 
59 | 9.711629 | 9.933141 | | 9.778487 | 10.221513 | 1 
60 | 9.711839 | 9.933006 9.778774 | 10.221226 | © 
ne. | Sine. | | Co-rang, | Tangent. N 

a Degree 59. | 
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"The Table of Smnes and Tangent. 
vs | Degree 31. * | 
mM | Sine. | Co-fine. | | Tangent. |  Co-tang, | | 
© | 9.711839 | 9.933006 | | 9.778774 | 10.221226 | 60| 
r | 9.712049 | 9.932990 | | 9.779060 | 10.220940 | 5 2 
2122722829523 9-779340 10.220654 | 58 | 
13] 9-712409 9.932838 | | 9-779632 | 10.220368 | 57 
4 | 9-712679 | 9.932701 | | 9.779918 | 10.220082 | 56. 
5 | 9-712889 | 9.932685 | | 9.780203 | 10.219796 | 55 
6 | 9-713098 | 9.932609 | | 9.780489 | 10.219511 | 54 
| 7 | 9-713308 | 9.932533 | | 9.780775 | 10.219225 | 53] 
8 | 9-713517 | 9-932457 | 9.781060 | 10.218940 | 52 
9 | 9.932380 | | 9.781346 | 10.218654 | 51 
ro | 9.713935 | 9.932304 | | 9.781631 10.218359 50| 
Ir | 9.714144 | 9.932227 | | 9.781916 | 10.218084 49 | 
12 9.714352 9.932151 9.782202 | 10.217799 || 48 
13 | 9.714561 | 9.932074 | | 9.782486 | 10.217514 } 47 | 
14 | 9.714769 | 9.931998 | 9.782771 | 10.217229 46 
115 | 9-714977 [9.931921 [9.783056 10.216944 | 45 
16 9.715186 | 9.931845 | 9.783341 | 10.216659 | 44 | 
17 | 9:715394 | 9-931768 | | 9.783626 | 10.216374 [43 | 
18 | 9.715601 | 9.931691 9.783910 | 10.216090 42 | 
19 | 9.715809 | 9.931614 | | 9.784195 f 10.215805 | 41 | 
zo | 9.716017 | 9.931537 | | 9:784479 | 10.215520 | 40 
21 | 9.716224 | 9.931460 9.784764 | 10.215236 | 39 | 
22 | 9.716431 9.931383 | 9.785048 | 10.214952 [ 38 
23 | 9.716639 | 9.931306 | | 9.785332 | 10.214668 | 37 | 
24 | 9.716846 | 9.931229 9.785616 10. 21438436 
25 [9.717053 9.931152 | 9.785900 | 10. 2 14099 35 
26 9.717259 | 9.931075 9.786184 10.213816 34 
27 9.717456 9.930998 | | 9.786468 | 10.213632 33 
'28 9.717672 | 9.930920 9.786752 | 10. 213248 32 
29 | 9-717879 | 9.930843 | | 9.787036 | 10.212974 31 
30 | 9.718085 | 9.930760 9.787319 | 10.212681 | 30| 
| Cone. Sine. | | Co-tang, | Tangent. | M 
© Degree 58. | 
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The Table of Sines and Tangents. 
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Degree 31. 


| 


M | Sine. | Co-fre. | | Tangent. | Ci-tang, | © 


| 30 | 9:718085 | 9.930766 | | 9.787319 | 10.212681 | 30. 


31 | 9.718291 | 9.930688 | 9.787603 | 10.212397 29 
| 32 || 9.718497 | 9.930611 | | 9.787886 | 10.212114 28 
{33 | 9.718703 | 9.930533 | 9.788170 10.211830 27 

34 | 9.718909 | 9.930456 | | 9.788453 | 10.211547 || 26 
| 35 9.719114 | 9.930378 | 9.788730 10.211264 25 
| 36 9.719320 | 9.930300 | 9.789019 | 10.210981 | 24. 

37 | 9 719525 | 9.930223 | 9.789302 | 10.210698 | 23 

38 | 9.719730 | 9.939145 9.789585 | 10.210415 | 22 

39 || 9-719935 | 9.930067 9.789868 | 10.210132 21 
40 | 9-720140 | 9.929989 | | 9.790151 | 10.209849 | 20 
41 | 9.720345 | 9.929911 | | 9.790433 | 10.209566 | 19 
42 | 9-720549 | 9.929833 | 9.790716 | 10.209284 | 18 
43 | 9-720754 | 9.929755 | | 9:790999 | 10.209001 | r7 
44 | 9-720958 | 9.929677 | | 9.791281 | 10.208719 | 1b 
45 | 9-721162 | 9.929599 9.791 55310. 208436 | rg 
46 | 9.721366 | 9.929521 | | 9.791846 | 10.208154 | 14, 
4719.721570 9.929442 9.792128 | 10.207872 13 
48 9.721774 9.929364 | 9.792410] 10.207590 | 12 
49 9.721978 | 9.929280 | 9.792692 | 10.207308 fr. 
'5o | 9.722181 | 9.929207 | | 9.792974 | 10.207026 | 10 
51 9.722385 | 9.929129 | | 9.793250 | 10.200744| 9 
'52 | 9.722588 | 9.929050 | 9.793538 10. 2064628 
531 9.722791 | 9.928972 9.793819 10. 206180 7 
54 | 9.722994 9.928893 | | 9.794101 | 10. 205899 6 
| 55 | 9.723197 9.928814 19.794383 10. 205617 [ 5 

56. 9.723400 | 9.928736 | | 9.794064 | 10. 205336 4 
57 | 9-723603 | 9.928657 | | 9.794945 | 1.20505 3 
1.58 | 9-723805 | 9.928578 | | 9.795227 [10.204773 2 
159 | 9-724907 | 9.928499 | | 9795508 | 1.204492 
6⁰ 9.724210 [9.928420 9.795789 | 10. 2042110 
| * Co. ine. Sine. | | Co-fang. | Tangent, | M 


i 


Degree 58. 


The Table of Sines 25 7. as 


| Degree 32. 
MI Sine. | Corine. Tangent. fi Co-tang. | 
_© | 9.724210 | 9.928420 | | 9.795789 | 10.204211 | 60 
t | 9.724412 | 9.928341 | | 9.796070 | 10.203930 | 59 
2 | 9.724014 0928262 9.796351 | 10.203649 | 58 
3 | 9.724816 | 9.928183 9.796632 | 10.203308 | 57 | 
| 4 | 9.725017 | 9.928104. 9.796913 | 10.203087 | 56 
5 | 9.725219 | 9.928025 9.797194 | 10.202806 | 55 
| 6] 9.725420 | 9.927946 | | 9.797474 | 10202526 | 54 
7 | 9.725622 | 9.927867 9.797755 | 10.202245 | 53 
89.725823 9.927787 9.798036 10.201964 52 
9 | 9.726024 | 9.927708 | | 9.798316 | 10.201684 51 
Io | 9.726225 | 9.927628 9.798596 | 10.201404 50 
11 | 9.726426 | 9.927549 9.798877 | 10.201123 | 49 
12 | 9.726626 | 9.927469 | | 9.799157 | 10.200843 | 48 
13 9.726827 | 9-927390 | 9.799437 | 10-200563 | 47 
14 | 9.727027 | 9.927310 9.799717 | 10.200283 | 40 
is 9.727228 | 9.927231 9.799997 | 10.200003 | 45 
16 | 9.727428 | 9.927151 9.800277 | 10.199723 
17 | 9.727628 | 9.927071 | | 9.800557 10.199443 43 
18 | 9.727828 | 9.926991 9.800836 | 10.199163 42 
119 | 9.728027 | 9.926911 | | 9.801116 | 10.198884 | 41 
20 | 9.728227 | 9.926831 | | 9.801396 | 10.198604 | 40 
21 9.728427 | 9.926751 9.801675 | 10.198325 39 
22 | 9.728626 | 9.926671 9. 801955 | 10.198045 | 38 
23 | 9.728825 | 9.926591 9.802234 | 10.197766 37 
24 | 9.729024 | 9.920511 9.802513 | 10.197487 | 30 
25 9.229223 | 9.926431 | | 9.802792 | 10.197207 | 35 
26 | 9.729422 | 9.926351 9.803072 | 10.196928 | 34 
27 | 9.729621 | 9.926270 9.803351 { 10.196649 | 33 
28 | 9.729820 | 9.926190 | | 9.803630 | 10.196370 | 32 
29 | 9.730018 | 9.926110 9.803908 | 10. 196091 |' 31 
30 | 9.730216 | 9.926029 | | 9.804187 | 10.195813 | 30 
: 
I O. Ane. Sine. | | Co-tang. | — |M] 
q 


Degree 2 


| The Table of Sines and Tangents. 
Dteiegree 32. Does ; 
MI Sine. Co-fre. | | Tangent. | Co-tang. | 
30 | 9.739216 | 9.926029 | | 9.804187 | 10.195813 | 34 
31 | 9.739415 | 9.925949 | | 9.804466 | 10.195534 29 
32 | 9.730613 | 9.925868 9.804745 | 10.195255 | 28 
33 | 9.730811 | 9.925787 9.805023 | 10.194977 | 27 | 
34 | 9-731009 | 9.925707 | | 9.805302 | 10.194698 | 26 | 
35 9.731206 | 9.925626 9.805580 | 19.194420 | 25 | 
36 | 9.731404 45444 9.805859 10.194141 | 24 | 
37 | 9-731601 | 9.925464 | | 9.806137 | 10.193863 | 23 
38 | 9-731799 9.925384] | 9.806415 | 10.193585 | 22| 
39 | 9-731990 | 9.925303 | | 9.806693 | 10.193307 | 21 
40 | 9.732193 | 9.925222 9.806971 | 10.193029 | 20 
41 | 9.732390 | 9.925141 9.807249 | 10. 19275119 
42 | 9-732587 | 9.925060 9.807527 | 10.192433 18 
43 9.732784 9.924978 9.807805 10.192195 17 
44 9.732980 | 9.924897 9.808083 | 10.191917 | 16. 
45 | 9-733177 | 9924816 | | 9.808361 | 10.191639 | 15. 
40 | 9-733373 | 9.924735 | | 9-808638 | 10.191362 14] 
47. | 9:733569 | 9.924653 9.808916 | 10.191084 13 
48 | 9.733765 9.924572 | | 9.809193 | 10.190807 | 12: 
49 | 9-733901 [9.924491 9.809471 | 10.190529 | nl 
50 | 9-734157 | 9-924499 | | 9-809748 | 10.190252 | 10} 
51 | 9.734353 | 9:924328 | 9.87005 10.189975 | 9; 
52 | 9.734548 [9.924246 | 9.810302 | 10.189697 8 
53 | 9.754744 9.924164] | 9.810580 | 10. 189420 7 
5419.734939 9.924083 | 9.810857 | 10.189143 6 
55 | 9.735134 | 9.924001 9.811134 | 10.188866 | 5 
56 | 9.735330 9.923919 9.811410 | 10.188589 4 
5719.735525 9.923837 | 9.811687 | 10.188313| 3 
58 | 9.735719 | 9.923755 9.811964 10.188036 | 2] 
59 | 9-735914 | 9:923073 | 9.812241 | 10.18775g] 1. 
60 | 9.730109 | 9.923591 9.812517 10.187483 | 0 
Corine. Sine. | | Co-tang. | Tangent. | MJ 
| Degree 57. | 
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The Table of Sines and 7. angents. 
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Degree 33. 


« 


M | Sine. | Co-fine. | | Tangent. | Co-tang. 

o | 9.736109 | 9.923591 | | 9.812517 [10.187483 60 | 
19.736303 | 9923509 | | 9.812794 | 10.187206 | 59 | 
2 | 9.730497 | 9923427 | | 9.813070 | 10.186930 | 58 
39.736692 9.923345 | 9.813347 | 10.186653 | 57 

49.736886 9.923263 | | 9.813623 | 10.186377 | 56 
5 9.737080 | 9.923180 | | 9.813899 | 10.186101 | 55 | 
6 | 9.737274 | 9923998 | | 9814175 | 10185824 | 54 
7 | 9-737467 9.923016 | 9.814452 | 10.185548 | 53 
8 | 9.937661 | 9.922933} | 9.814728 | 10.185272 52 | 
9 | 9-737854 | 9-922851 | | 9.815004 | 10.184996 | 51 
0 | 9.738048 | 3 9.922768 | | 9.815279 | 10. 184720 50 | 
11 | 9.738241 | 9.922686 | 19 815555 | 10.184448 49 | 
12 | 9.738434 | 9.922603] | 9.815831 | 10.184169 | 48 
13 | 9.738627 f 9.922520 | | 9.816107] 10.183893 | 47 
L4 | 9.738820 | 9.922438 9.816382 10.183617 46 
15 9.739013 | 9.922355 [ 9.816558 1.183342 | 45 
16 9.739206 9.922272 | | 9.816933 | 10.183066 44 
17 | 9-739398 | 9.922189 | | 9.817209 | 10.182791 | 43 
18 9.739590 2 9.817484 | 10.182516 | 42 
19 | 9739783 { 9.922023 | | 9.817759 | 10.182240 | 41 
20 [9.739975 9.921940 | | 9.818035 | 10.18196g | 40 
21 | 9.740167 |] 9.921857 9.818310 | 10.181690 | 39 
22 | 9.749359 | 9-921774 | | 9-818585 | 10.181415 | 38 
23 | 9:749550 9.921691 | | 9.818860 | 10.181140 37 
24 | 9-740742 |] 9-921607 | | 9.819135 | 10.180865 36 
25 9.740934 9.921524 | | 9.819410 | 10.180590 | 35 
26 | 9.741125 | 9.921441 | | 9.819684 10.180315 | 34 
27 | 9-741316 | 9.921357 | | 9.819959 | 10.180041 | 33 
28-| 9.741507 | 9.921274 | | 9.820234 | 10.179766 | 32 
29 | 9-741698 | 9.921190 9.820508 | 10.179492 | 31 
30 | 9-781839 | 9.921 107 9.820783 10.179217 30 

| Co-fine. | Sine. | | Co-tang. | Tangent. I M 
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The Table of 5 Fines s ond —.— 

M | Sine. Ee TT Tanga] Co-tang. | | 
EE 9.741889 9.921 107 * 9.820783 | 10.179217 30 
— — — "OE IS 
31 9.742080 9.921023 9582105710, 178943 29 
32 | 9.742271. 9.920939 | 9.821332 | 10,178068 28 
33 | 9.742461 9.920855 9.821606 | 10,178394 | 27 
34 | 9-742052 | 9.920772 | 9.821880 | 10.178120 26 
3519.742842 9:929688 | | 9.822154 |. 10.177846 | 25 
36 | 9.743032 | 9920604 | | 9.322429 |:19.177571 | 24 
37 | 9-743223 | 9:920520 | | 9.822703 |,10.177297 | 23 
38 9.243412 9.920436 | 9.822977 [19.177023 | 22 
39 | 9.243602 | 9.920352 | 9.823250 10.176249 | 21 
49 | 9-243792 | 9929268 | | 9.823524 | 10.176476 [20 
41 | 9.743982 | 9.920184 | | 9.823798 | 18.7782 19 
42 | 9:744171 | 9. 920099 9.824072 10.175928 [18 
43 | 9744351 1 9.920015 | | 9.824345 | 10.175055 | 171 
[44 | 9744550] 9-919931 | | 9.824619 | ,10.175381 | 16, 
45 19744759 $-919845 | | 9.824892 | 10.175108 — 
46 | 9-744928 | 9919762 | | 9.825166 | 10.174334 | 14. 
47 | 9:745117 9.919677 | | 9.825439 |:10.174560 | 13 
48 | 9-745306 | 9-919593 | [9.825713 1,10.174287 | 12: 
49 | 9:745- 24 9.919808 9.825986 10. 17401411 
$0 [9.245 8389998 19.828289 10.173241 | 10: 
51 9.745871 9.919339 | 9.826532 | 10.173463] 9. 
52 | 9.7400 59 9.919254 | 9.826805 |.10.173195 8 
53 857436 9.919169 [9.827% 10172922 7 
54 | 9. 746430 9.919084 | 9.827351 | 10. 18 61. 

$5 | 9:74 9.918999 | 9.827524 |-10.1723 
[56 57275 9.918915 9.827897 10. 17210 a 
157 | 9746999 | 9.918830 | [828170 10.171830 3 
38 | 9.747187 | 9.918744 | | 9328442 10.171558 2 
85 9742377 2378775 at: 1 1 
| 9-747562 [9.918574 | 1:9-828987 | 10. 
I Cee. | Sine. 
| Degree *. 
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The Table of Sines and Tangents. 
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Degree 55. 


— Degree 34. 
MI Sine. | Co-fire, | | Tangent. | Co-rang. | 
{-o | 9-747562 9.918574 | 9.825987 10.17 1012 f 60 
119747749, 9.918489 | [9.829260 | 10.170740 5 
29.747936 9.918404 | 9:829532 | 10.170468 | 5 
-3 | 9:748123 | 9.918318 | | 9.829805 | 10.170195 | 57 
4 9.748310 | 9.918233 9.830077 | 10.169923 | 56 
5 | 9:748497 | 9-918147 | | 9.830349 | 10.169651 | 55 
. 6 | 9.748683 | 9.918062 9.830621 10:169379 54 
2 | 9748870 9:917976 | | 9.830893 10.169106 53 
| 3 | 9:749956 | 9-917891 | | 9.831165 | 10.168834 | 52 
9 | 9:749242 | 9-917805 | | 9.831437 | 10.168563 | 51 
10 | 9.749429 | 9-917719 | | 9-831709 | 10.128291 | 50 
11 | 9.749615 | 9.917634 | | 9.831981 | 10.168019 | 49 
12 | 9.749801 | 9.917548 | | 9.832253 | 10.167747 | 48 
133745536 | 9.917462 | 9.832525 | 10167475 | 47 
| 14 | 9.750172 | 9.917376 | | 9.832796 | 10.167204 | 46 
| 25 9.250358 [9.917290 | | 9.833068 | 10.166932 | 45 
116 | 9.750543 | 9.917204 | | 9.833339 10. 16655 44 
17 | 9-750729 | 9.917118] | 9.833611 | 10,166389 | 43 
13 | 9.750914 | 9.917032 | | 9.833882 | 10,166118 42 
19 | 9.751099 9-910945 | 9.834154 10.165846 | 41 
20 | 9.751284 | 9.916859 | | 9834425 | 10.165575 | 40 
21 | 9.751469 | 9.916773 | | 9.834696 | 10. 165304 39 
122 | 9.751654 | 9.916686 | 9.834967 | 10.16 5933 38 
23 | 9.751838 9.916600 | 9.835238 | 10:124702 | 37 
24 | 9-752023 | 9.910514 | | 9.835509 | 10.164491 | 36 
25 | 9-752207 9.910427 | | 9.835780 | 10. 164220 | 35 
126 | 9-752392 | 9-916340 | | 9.836051 | 10.163949 | 34 
27 9.752576. 9.916254 | 9.836322 10.163678 | 33 
28 | 9.752760 | 9.916167 9.830593 | 10.163407 32 
29 | 9.752944 9.916080 | | 9.836864 | 10.163136 | 31 
[39 9.753128 9.915994 | 9837134 | 10.162866 | 30 
| TH þ — | Sine. 


| | Co-tang. Tangent. 1 M 


332 


ä e Fm 


898 4. 


M |; Sine. ] Corfne. | | Tangent. | Co: ang. 11 


32 | 975305 9.915820 | 9.837675 10.162325 | 28 
33 | 9.753679 9.915733 | | 9.837946 Þ 10:162054 | 27 


n — 


9.838487 105161513 25 


9.838757 10.161243 24 
9.839027 | 10.160973 | 23 


35 [9.754046 9.915559 


36 | 9754229 | 9915472 
379754412 9.915385 
38 9.754595 [9.915297 
39 9.754778 | 9.915210 
40 | 9:754960 | 9.915123 


41 | 9:755143 | '9:915035 | | 9.840108 | 10.159892 | 19 

| 9755325 1'9:914948 | | 9.840378 10.159622 | 18 
43 | 9:755508 | 9.914860 | | 9.840647 | 10.159352 | 17 
44 | 9-755690 | 9914773 | | 9.840917 | 10.159083 | 16 
45 | 9-755872 | 9.914685 | | 9.841187 | 10.158813 | 15 


46 | 9.75 | 9:914597 | | 9.841457 | 10.158543 | 14 


— 


” ad — — — — 
— 


9.839568 | 10.160432 | 21 
9.839838 10.160161 | 20 


4 — 


48 | 9.756418 4 914422 | | 9.841996 | 10.158004 | 12 
494 9-736600 | 9.914.334 | | 9.842266 | 10.157734 | 11 
50 | 9.756781 | 9.914246 5 | 9842535 | 10.15746c | 


51-| 9:756965 | 9.914158 | | 9,842804 | 10.157195 
52 | 9.757144 | 9.940% | | 9.843074 | 10.156926 
53] 9757326] 9.913982 | 9.843343 | 10.156657 
54 | 9:757507 | 9.913894 | | 9.843612 | 10.156387 | 
55 2228 9.9138 806 |. 9.843882 10.156118 


56 9288509 9.913718 [ | 9.844151 10,5849 
57989 9.913630 [9.84440 10.155580 
58 9.753230 9:913541 | 9.844689 10.155311 | 
59 | 9758444 9.913453 | 9844958 | 10.155042 

| 9:913304|> | 9.845227 | 10.154774 


— — EI EI. 


* 


"be Table of Sines and Tangents. DOR | 
Degree'g4 © 1 


3019.283128 9975994 | 9.37734 | 10. 162866 66-| 30 | 
31 | 9.753312 | 9.915907 |. | 9.837495 |: 10.762595 29 


349753862 9.915646 | 9.838216 | 10.261784 26 


| 9.839297 | 10. 160702 22 |, 


47 | 95756236 | 9.914510 9.841720 | 10.158273 | 13] 


e doe 


| Cofine. | Sine.» | | Cg. | Tangent. 1M} 


Degree- 55. 


r — ä 


— CCC 


The Table of Simes and Tangents. 

1 - 2 * — 

M | Sine. 1 +4 [Copies | | Tangent. | Co-tamg. Ws 
o | 9.758591 | 9:913364 | | 9.845227 | 10-154774 | 60 
1 | 9:758772 | 9.913276 | | 9.845496 | 10.154504| 59 

| 2 9758955 9.913187 | 9845704 | 10.154235 | 58 
3 | 9:759132 | 9.913099 | | 9.846033 10.153957 | 57 

| 4 | 9:759312 | 9.913010 | | 9.846302 | 10.153698 | 56 
5 | 9-759492 | 9.912921 | 9.846570 | 10.153429 | 55 | 
6 | 9:-759672 | 9.912833 | | 9.846839 | 10.153161 | 54 
7 | 9:759851 | 9-912744 | | 9-847107 | 10:152892 | 53 
8 | 9:760031 | 9.912655 | | 9.847376 | 10.152624 | 52 
9 | 9.760210 | 9.912566 9.847044 | 10.152356 51 

10 | 9.760390 | 9.912477 | | 9847913 10. 152087 50 

11 | 9.760569 | c.912388 9.849181 10.151819 49 

12 | 9.760748 | 9.912299 | | 9.848449 10.187851 | 48 

13] 9. 27 | 9.912210 | | 9.848717 | 10.151283 | 47 

14 | 9.791106 | 9.912121 9.848985 | 10:151015 | 46 

I5 | 9.761285 | 9.912031 | | 9.849254 | 10.150746 | 45 

16 | 9.761464 | 9.911942 | | 9:849522 | 10.150478 | 44 

17 | 9.761642 | 9.911853 9.849789 | 10.150210 | 43 

18 | 9.701821 | 9.911763 9:850057 | 10.149943 | 42 

19 | 9.761999 | 9.911674 | | 9.850325 | 0.149675 | 41 

20 | 9.762177 | 9.911584 | | 9:850593 | 10.149407 | 40 

21 | 9.762356 | 9.911495 9.850801 | 10.149139 39 

22 | 9.702534 | 9.91 140% | 9.851128 10.148872 38 

23 | 9-762712 | 9.911315 || [985139 | 10.148604 | 37 | 

24 | 9.762889 | 9.911226 | 9.851664 10:148336 | 36 | 

25 [9.763067 | 9.911136 23351935 10.148069 | 35 

26 | 9.763245 | 9.911046 | | 9.852199 | 10:x47802 | 34 

27 9.763422 9.910956 | | 6852406: acc 33 

28 | 9.763599 | 9:910866 | 9:852734 | 10:147207 | 32 

29 | 9-763777 | 9-910776 | | 9.853001 | 10.1 MN 

30 9.763954 9.910686 9.853268 10.246732 | 30 

[7 Co-fine. | Sine. | | Co-tang. | Tangent. 14 
Degree 54. 


— o_ 


"The Table of 


Sines and 7 angents. 


— —— CO EC 


. 


Degree 35. 


"— 


M | Sine. | Co-fine. | | Tangent. | Co-tang. | | 
30 | 9.763954 | 9.910686 | | 9.853268 | 10.146732 | 30 


31 | 9.764131 | 9.910596 | | 9.853535 | 10.146465 | 29| 
32 | 9.764308 | 9.90506 | | 9.853802 | 10.146198 | 28 
33 | 9:764485 | 9.910415 | | 9.854069 | 10.145930 | 27 
34 | 9.764662 | 9.910325 | | 9.854336 | 10.145664 | 26 
35 | 9-764838 | 9.910235 | 9.854603 | 10.145397 | 25. 
36 | 9.765015 | 9.910144 | | 9.854970 | 10.145130 | 24 
37 | 9-765191 | 9.910054 | | 9.855137 | 10.144863 | 23 
38 | 9.765367 9.909953 | 9855404 1.144590 22 
39 9-765544 | 9-999873 | | 9.855071 | 10.144329 | 21 
49 | 9-765720 | 9.909782 | ] 9-855937 | 1.1403 | 20. 
41 | 9:765896 | 9.909691 | | 9.856204 | 10.143796 | 19 
42 Ly” Wa 4 19.856471 10.143529 18 
43 | 9:766247 | 9.909510 | | 9.856737 | 10.143263 | 17 
44 | 9:706423 | 9.909419 | 9.357004 | 10.142 16] 
45 | 9:766598 | 9.999328 | | 9.857270 | 10.142730'} 15 
46 | 9.766774 | 9.909237 9857537 10.142463 14] 
47 | 9-766949 | 9909146 | | 9357803 | 10.142197 | 13 
48 | 9.767124 | 9.909055 | | 9.858009 | 10.141931 | 12 
49 | 9.767299 | 9.908904 | | 9.858330 1.144664 11 
50 | 9.767474 | 9.908873 | | 9.858602 10. 141398. 10 
51 | 9.767649 | 9.908781 | | 9.858868 | 10.141132 | « 
52 | 9.767824 | 9.908 o| 9859734  10.x40866, 3 
53 | 9-767999 | 9-908599 | | 9.859400 10.140 7 
54 | 9-708173 | 9.908507 | | 9.35 | 10.140334 | 6 
55 | 9-768348 | 9.908416 | | 9.859932 | 10.140008 | 5 
56 | 9.768522 | 9.908324 | | 9.860198 | 0.139802 | 4 
[57 | 9-758596 | 9.908233 | | 9.860464 | 10.139535 | 3. 
58 | 9.768871 | 9.908141 | | 9.860730 10.139270 2 
59 9.769045 | 9.908049 | 9.860995 | 10.139005 | 1| 
9.709219 | 9.907958 ! | 9.861261 | 10.138739] 0 
| Co-fine. | Sine. | | Co-ranug. | Tangent. | M | 


ag 
— =, — . — 


— —. I CE ES, ne 
3 — -22 — 


E % „„ 


1 
| The Table of Sines and Taugents. ; 
en m_ e 
iT "Sine. | C. ne. | Tangent. | "Co-tang. | 
' 9 | 9.769219, | 9.997958 | | 9:861261 10.138739.| 60 
| 4788295 9.957866 | 9.861527 |. 10,138473 | 59. 
29.769356 66 | 2.957731 1 9.861792 | 10. 138208 58 
3.926574 9.907082 E 862058 | 10,137942 | 57 
49.759913 9.997590 | | 9.852323 | 10,137677 | 56 
f 1285857 9257498 | | 9.862589 | 1.132415 
65 9.770260 9.907405 | 9862854 | 16:137146] 54 
' 7119:279433 | 9:907314|, | 9-863119 10,136880 | 53]! 
| 8 |.9.770606 | 9.907221 | | 9863385 | 10, 136615 52 | 
9 9.77779 9.907129 | | 9.863650 | 10.136350 | 51 
18 9.77952 | 9.997957 |, 9.863915 10.136085 | 50 
ar 5711125 906945] 9.864180 10.135820 49 
{ez 9.771298 | 9.906852 | | 9.864445 | 10.135554 | 48 | 
13 9.771470 9.906760 | | 9.864710 10.135289 47 | 
14 | 9.771643 | 9.996667 | | 9.864975 10.135024 46 
r5 | 9-771815 | 9:960574 | | 9865240 | 10.134759 | 45] 
16 | 9.771987 | 9.906482 | | 9.865505 | 10.134495 | 44 | 
129772159 3899.855770 10.134230 43 
18 9.772331 | 9.906296 | | 9.866035 | 10.133958 42 | 
19 9.77250 | 9.906203 | | 9.866300 Þ 10.133700 | 41 | 
25 9.772075 | 9.906111 | | 9.866564 Þ 10.133436 40 
21 9:772847 | 9.906018 | 0.866829 | 16,133171 | 39 q 
22 | 9.773018 | 9.905925 |. | 9.867094 | 10.132906 | 38 
23 |19-773190 | 9.995832 [| | 9.867358 10.132042 | 37] 
24 | 9.773301 | 9.905738 | | 9.867623 | 10.132377 36 
25 | 9:773533 | 9.995645 |_| 9.867887 | 10.132113 | 35 | 
26 9 77594 9-903552 | | 9.358152 | 10.131848 34 | 
27 | 9-7738 75 | 9995459 | 9.868416 | 10.131584 | 33]. 
28 | 9.774046 | 9.905365 9.868680 10.131320 32 
29 9.774217 9-995272 | 9.868945 10. 131055 31, 
39 | 9:774388 1 9-995179 | | 9.869209 | 10.130791 | 30 
I ee. Sine. | Co-rang. |" — IM 
— . — —5 _— 


Degree 53. 


— 


„ — ——_— 


n * 8 „ IU IIS Em 


* tO th 4 P — TIS t_—_— 


- be Table of Sines and T the 


Degree 36. 


„ . 


M | Sine. 


|. Co-fane. 


| | Tangent. | Co-tang.” 


30 9.774388 | 94905179 | | 9:869209 | 10,130791 30 


31 | 9-774558 | 9.905085 | | 9.869473 | 16.136527 29 
32 9.77479 9. 904992 9.59537 10.130263. 28 
33 | 9.774899 9.994898 | | 9 870001 | 10.129999 | 27 
34 | 9:775970 4 9.904804| | 9.870265 | 19.229735 | 26 
35 | 9:775249 | 9:994711 | | 9.870529 | 10.129471 | 25 
36 | 9-775410| 9.904617 | | 9:870793 | 10. 12920724 
379775580 9.994523 | | 9.871057] 10.128943 | 23 
38 9.775750 9.94429] 9.871321 | 10.128679 | 22 
39 | 9:775920 9.904335 | 9:871585-] 10.128415 | 21 
49 9.779 | 9.994241 | | 9.871849 | 19.128151 | 20 
41 | 9:776259 | 9:904147 9:872112 10.127888 | 19 
429776429 | 9:904053'| 9.872376 10.127624 | 18 
43 9.776598 9.903959 | 9.872640 | 10.127360 | 17 
44 | 9.776768 | 9.903864 9:572903 | 10.127097 | 16 

9.276937 9.9077 | 9.873167 10. 126833 | 15 
46 9.777106 9.903676, 9873430 [10.126570 | 14 
47 | 9-777275 9.903581 | 9.873694 | 10.126306 | 13 
48 | 9:777444 9.903486 9:873957 | 10.126043 | 12 
499777613 94903392 | | 9.874220 | 10.125780 | 11, 
50 | 9.777781 | 9.903298. 9.874484 | 10.125516 | 10 
51 | 9.777959.| 9.903203 | 94874747 | 10.125253 | 9g 
52 | 9.778119 9.903108 9.875010 | 10. 124990] 8 
53 9.778287 | 9.993913, 9.875575 10.124727 | 7 
54 9.778455 9.902919 | 9.875536 | 10.124464 | 6 
$5 19.278623 9.902824 | 9.875799 | 10.124201 | 5 
56 9.778792 9.902729 | | 9.876063 | 10.123937 | 4 
57 | 9-778960. 9.902634] - | 9.870326 | 10.123674 | 3 
58 9.779127 9.902539 9.876589 10.123411[ 2 
59 | 9.779295 | 9:992444. | 9.876851 [10.123149 1 
60 9.779403 | 9-992349+| | 9-877114 | 10.122886 | © 

| Co-fone. | Sine. | Co-tang. | Tangent. | M 

1 Degree 53. 


„ a 
nnn : 


2 


— 


—— 1 


The Table of Sines and Tungents. 
— — — _ Degree 37: —ä — | 
M | Sine. | Co-fine, | | Tangent. | Cg. 
ol 9-779463 | 9.902349 | | 9:877114 | 10.122885 | 60 
t | 9.779631 | 9.902253 | | 9.877377 | 10.122623 | 59 
2 | 9.779798 | 9.902158 | | 9.877640 10.122360 58 
3 9.779905 9.50 ⁰⁰ 9 877903 | 10.122097 | 57 
4 | 9-780133 | 9.901967 | | 9.878165 | 10.121834 56 
5 | 9-780300 | 9.901872 | | 9.878428 | 10.121572 | 55 
6 | 9.780467 | 9.501776 | | 9.878691 | 10.121309 | 54 
7 | 9.780634 | 9.901681 | | 9.878953 | 10.121047 | 53 
8 | 9.780801 | 9.901585 | 9.879216 | 10.120784 | 52 
9 | 9-780968 | 9.901489 | | 9.879478] 10.120522 | 51 
10 9281134 9.901394 9879741 | 10.120259 | 50 
11 9.781301 | 9.901298 | | 9.880003 | 10.119997 | 49 | 
12 | 9.781467 | 9:901202 | | 9.880265 | 10.119734 | 48 
13 | 9.781634 | 9:901106 | | 9.880528 | 10.119472 | 47 
14 | 9.781800 | 9.901010 | | 9.880790 | 10.119210 | 46 
15 | 9.781966 | 9.900914 19.881052 | 10.118948 | 45 
16 | 9.782132 | 9.900818 | | 9.881314 | 10.118686 | 44 
17 | 9.782298 | 9.900722 | | 9.881576 |.10.118424 | 43 
18 | 9.782464 | 9.900626 | | 9.881839 | 10.118161 | 42 
19 | 9.782630 9.900529 | | 9.882101 | 10.117899 | 43 
20 | 9.782796 9.900433 | 9.882363 | 10.117637 40 
21 | 9.782961 | 9.900337 | | 9.882625 10.117375 | 39] 
| 22 | 9.783127 | 9.900240 | | 9.882886 | 10.117114 38 
23 | 9.783292 | 9.900144 | | | 9:883148 | 10.116852 | 37 
24 | 9-783457 | 9.900047 | | 9.883410 | 10.116590 36 
25 9.783623 | 9.899951 | 9.88367 | 10.116328 | 35 
125 9.783788 | 9.899854 | | 9.883934 | 10.116066 34 
2319.283953 9899777988495 1.11586 33 
128 | 9.784118 | 9.8996 9.884457 | 10.115543 | 32 
29 | 9.784282 | 9.899563 | | 9.884719 | 10.115281 | 31 | 
30 | 9.784447 | 9.899 79.884980 | 10.115020 | 30 
| Come. | Sine. | | C. | Tangent. | M 
— — 8 


— 


'T 55 7 251 of Si Sites ond T Fang. 


en. er — 


Degree 37. 


— 


” we” 2. wy 


1] 


Sine. 


| Co-fene. 


| | Tangent. | Co-tang. : 


Degree 52. 


— 


y 


30 | 9-784447 | 9.899467 | | 9.884980 | 10.115020 | 30 
31 | 9.784612 | 9.899370 | | 9.885242 | 10. 11475829 
32 | 9-784776 | 9.899273 | 9.885503 | 10.114497 | 28 
33 | 9784941 | 9.899175 | 9-885765 | 10.114235 | 27} 
34 | 9-78 5105, 9.899078 | | 9.886026 | 10.113974 | 26 
35.1.9.785269 | 9.898981 | | 9.886288 | 10.113712 | 25 
36 9-785433 9.898884 | | 9.886549 | 10113451 | 24 
37 | 9.785597 | 9.898787 | | 9.886810 | 10.113190 | 23 
38 | 9.785761 | 9.898689 | | 9.887072 | 10.112928 | 22 
39 850 9.898592 | 9.887333 10.112667 | 21 
40 | 9.786088 | 9.898494 | | 9-887594 | 10.112406 | 20 
41 | 9 786252 | 9.898397 9.887855 [10.112147 | I 
42 3755416 9.898299 9.888116 | 10.111884 
43 | 9. 786579 9.898201 | 9.888377 | 10.111624 | 17 
44 | 9.786742-| 9.898104 | | 9.888638 | 10.111362 | 16 
4+ | ©. 786906 | 9.898006 9.888899 [10.111101 [15 
9.787069 | 9.897908 | | 9.889169 10. 116840 14 
47 | 9.787232 | 9.897810 9.889421 | 10.110579 | 13; 
48 | 9.787395 | 9897712 | | 9889682 | 10.110318] 1 
49 9.787557 9.897614 | 9.889943 | 10.110057 | 11: 
50.| 9.787720 | 9.897516 | | 9.890204 |.10.109796 | 10. 
51 2 55 9.89748 [9.899465 | 10.109535 | 9 
52 2 78803 9.897320 | 9.890725 | 10. 109275 8 
53 | 9.788208 | 9.897222 | | g. 295936 10.10 1 7 
54 9.788370 9.897123 | 9.891247 | 10.1 79 6 
55 | 9-788532 | 9.897025 | 9891507 | 10.108493 | 5 
6 | 9.788694 | 9.896926 | | 9.891768 | 10. 108232 | 4 
' 9.788856 9.896828 | | 9.892028 | 10. 107972 | 3 
58 | 9.789018 | 9.896729 | | 4 15 10.107711 | 2 
59 9.789180 | 9.896631 892549 | 10.107451 | 1 
30 | 9.789342 | 9.890532 | 5.8 892810 | 10.107190| 0 
| Co-fine. | Sine. |__|. Co-tang.. | —.— 1 M 


Q] 
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Tbe Table of Ses ines and 7. angents. 


Degree 38. 

1 | Sine.” | Cine. | Tangent. | — 
PN 9.8965 32 | | 9.892810 | 10. 105190 60 
1 | 9.789504 ] $3963 [339355 10.106930 | 59 
2 | 9.789665 | 9.896335 | | 9.893330 | 10. 10666958 
3 | 9-789827 | 9.899230 | | 9.893591 10.106409 57 
4 | 9-789988 | 9.896137 | | 9.893851 | 10.106149 | 56 
5 | 9-790149 | 9.896038 9.894111 | 10.105889 | 55 
6 | 9.790310 | 9.895939 | | 9.894371 | 10.105628 | 54 
7 | 9-790471 | 9.395840 | | 9.894032 | 10.105368 | 53 
8 | 9.790632 | 9.895741 9.894892 | 10.105108 | 52 
9 | 9-790793 | 9-595041 | | 9.595152 | 10.104848 | 51 
10 9.790954 [9.895 542 [9.895412 | 10.104588 | 50 
19.791115 9.895443 | | 9.895672 | 10.104328 49 
12 | 9.791275 | 9-895343 | | 9-895932 | 10.104068 | 48 
13 | 9-791436 | 9.895244 | | 9.896192 10. 103808 47 
14 | 9-791596 | 9.895144 | 9.896452 10.103548 | 46 
I5 | 9.791756 | 9.895045 9.896712 | 10.103288 | 45 
16 9.791917 | 9.894945 | | 9.896971 | 10.103028 | 44 
17 9.792077 9.894840 9.897231 | 10.102769 | 43 
[18 9.792237 | 9:894746 | | 9.897491 | 10.102509 | 42 
119 | 9-792397 | 9-894646 | | 9.897751 | 10.102249 | 41 
20 | 9.792557 | 9.894546 9.898010 10.101990 | 40 
21 | 9.792716 | 9.894446 | | 9.898270 | 10.101730 | 39 
22 | 9.792876 | 9.894346 9.898530 | 10.101470 | 38 
23 9.793035 | 9.894246 9.898789 | 10.101211 | 37 
24 | 9-793195 | 9.89446 | 9.899049 | 10.100951 | 36 
25 | 9-793354 | 9.894046 9.899308 10. 100692 | 35 
26 | 9.793513 | 9-893946 | | 9.899568 | 10.100432 | 34 
27 9.793673 9:393845 | | 9.899827 | 10.100173 | 33 
28 | 9.793832 | 9.893745 | | 9.900086 | 10.099913 | 32 
29 | 9-793991 | 9-893645 | | 9900346 | 10.099654 | 31 
30 | 9-794149 | 9.893544 | | 9-900bog | 10.099395 | 3O 
Sine. | | Co-roxg. | Tangent. | M 


| Co-fene. | 


Degree 51. 


— — 


rer 


The Table of Sines and Tangent | 


— 


„ 


5 


— [1 


. Degree oct 
M | Sine. | Co-font. | | Tangent. | Ce- tang, | 
R 1. 
39 | $:794149 | 9:893444 | | 9.990605 | 10.099395 | 3% 
31 | 9-794308 | 9.893444 | | 9.900864 | 10.099135 29 
32 | 9-794467 | 9-893343 | | 9-901124 | 10.098875 | 28 
33 | 9-794626 | 9.893243 | | 9.901383 | 10,098617 | 27 
34 | 9-794784 | 9.393142 | | 9.901642 | 10.098358 | 26 
35 | 9-794942 | 9.893041 | | 9.901902 | 10:098099 | 25 
36 | 9.795101 | 9.892940 | | 9.902160 | 10.097839 24 
37 9.795259 9.892839 | 9.902419 | 10.097580 | 23 
38 | 9.795417 | 9.892738 | | 9.902678 | 10.097321 22 
39 | 9-795575 | 9892637 | | 9.902937 | 10.097062 | 21 
49 | 9.795733 | 9-892536 | | 9.993196 10.096803 | 20 
41 9795891 | 9392435 | 9.903455 10,096544 | 19] 
42 9.795049 | 9.892334 | | 9.993714 | 10.096285 | 18 
43 | 9796206 | 9.892233 | | 9.903973 | 10.096027'| 17: 
44 | 9.796364 | 9.892132.| | 9.904232 | 10.095768 16 
45 | 9-796521 | 9-892030 | | 9.904491 | 19.9915 
46 | 9-796678 | 9.891929 | | 9.904750 | 10.952014 
47 | 9-796836 | 9.891827 | | 9.905008 | 10.094991-| 13| 
48 9.796993 | 9-891726 | | 9.905267 | 10.094733 | 12 
49 | 9-797150 | 9.391024 | | 9.995520 | 10.094474.] 11 | 
50 | 9:797307 | 9.891522 | | 9.905784 | 10.941510 
51 | 9:-797464 | 9.891421 | | 9.906043 | 10.093957 | 9 
52 | 9.797621 | 9.891319 | | 9.906302 | 10.09g698-| 8| 
53 | 9-797777 | 9391217 | | 9.906560 10.934407 
54 | 9797934 | 9891115 | | 9.906819 | 10.09g481-|| 6| 
55 | 9-798091 | 9.891013 | | 9.907077 19.992924 5 | 
56 | 9-798247 | 9.890911 | | 9.907336 | 10. 092664 4 
57 9.798403 | 9.890809 | 9.907594 | 10.0940 3 
58 | 9.798560 | 9.890707 | | 9.907852 10,9247 2| 
59 | 9.798716 | 9,890605 9.908111 | 10.091889 Lf 
60 9.798872. 9.890503 9.908369 | 10. 091631 0 
| Co-fine. | Sine. | | Co-tang. | Tangent. | M 
7 n "P 


9 


The Table of — and Tangents. 

— ͤ 

| "a 'egree 39. | 4 

M | Sine. | Ge. | | Tangent. | Cotang, | 

o.| 9:798872 | 9-890503 |, | 9.998369 10.091637 [60 

t.| 9.799028 | 9.890400. |. 9998627 | 10.091373 | 59. 

2 9.799184 48822128 9.908886 10.091114 58. 

39.799339 | 590914 10.090850 | 57, 

+| 96799495 | 9890093 |: 909492 10,090598-] 56 
5] 9799951 | 9-889990 | 3.909 bo | 10.999349 | 55 
| 6:| 9:799806-| 9.889888. | | 9.909918 1090081 | 54] 

7 | 19799961 | 9.889785 | 1872756 10.089823 53. 
8 Near? 9.889682 5 10.089565 | 52 
99.800272 | 9.889579 | 3910098 10,089307 | 51, 
100 9 :800427 | 9 889476 . 10.089049 50 
11 9.800582 | 9.889474 | | 9.911209 10.088791 49. 
12980737 | 9.889271 | | 9.911467 | 10.088533 | 48 
13'| 9.800892 | 9.889167 | | 9.911724 | 10.088275 | 47 
14 | 9.801047 | 9.889064 | | 9.911982 | 10,088017 | 46 
15 9.801201 | 9.888961 9.912240 | 10.087760 | 4, 
16 9.851356 | 9.888858-| | 9.912498 10.087502 44 
17 | 9801510 | 9.888755 9.912756 | 10.087244 | 43 
18. 9.861665 | 9.888651-| | 9.913014 | 10.086986] 42 
19 9.801819 9.888548 9.913271 | 10.086729 | 41 
20' | 9:861973'] 9.888444 | | 9913529 | 10.086471 | 40 
21 9.802727 9.88834 43 9.913787 10.086213 39 
22 9.802281 [9.888237 | 9.914044 | 10.085956] 38 
23 | 98802435 | 9.888133 | | 9.914302 | 10,085698 | 37 
24 9.852885 9.888030 9.914560 10.085440 36 
22278287 | 10.085183 | 35 
426 | 9:802897 | 9.887822 | | 9.915075 10 084925 | 34 | 
27 9.803050 | 9.887718 | | 9.915332 | 10.084668 | 33 | 
28 5855707 9.887614 | | 9.915590 | 10.084410 32 
29 | 9:803357'| 9.887510 | | 9.915847 | 10.084153 | 31 
30 980377 9.887406 | 9.916104 10. 083895 | 30 
I.. I Sine. | | | Co-tang. | Tangent. | M M 


— 


Degree 50. 


The. Table of Sines and Tangents. 


ian 0 . ....” . 
M | Sine. | Cf. | Tangent. | Co-tang. | 
g21.9:803510 | 9.887406 |. | 9.916104 | 10.083895 | 30 
1 |\9-803564 | 9.887302 | | 9.916362 | 10.083638 29 
32 9.803817 | 9.887198 | | 9.916619 | 10.083381 | 28 
33. 9.803970 | 9.887093 9.916876 | 10.083123 | 27 
34. 9.804123 | 9.886989 9.917134 | 10.082866 | 26 
5 9.84276 9.886884 9.917391 | 10.082609 | 25 
36 9.804428 | 9.886780 | | 9.917648 | 10.982352 | 24 
7. 9.804581 9.886675 9.917905 10. 82094 23 
8 9.804734 9.886571 | 9.918162 | 10.081837 | 22 
39 9.804886 9.886466 9.918420 | 10.081580 | 21 
49 | 9.805038 | .9.886361.| | 9.918677 | 10.081323 | 20 
41 9.805 191 | 9.886257 | | 9.918934 | 10.081066 | 19| 
29.805343 | 9.886152 | | 9.919191 | 10.080809 | 18 
43 | 9.805495 | 9.886047 9.919448 | 10.080552 | 17 
44 | 9.805647 9.885942 | | 9.919705 | 10.080295 | 16 
45 | 9.895799 | 9.885837 | | 9919962 | 10.080038 | 15 
46 | 9.805951 | 9.885732 | | 9.920219 | 10.079781 | 14 
47 | 9.806103 | 9.885627 | | 9.920476 | 10.079524 | 13 
48 | 9.806254 | 9.885521 9.920733 | 10.079267 | 12 
49 | 9.806406 | 9.885416 9.920990 | 10.079010 | 11 
50 | 9.805557 | 9.885311 9.921247 | 10.078753 | 10 
51 | 9.806709 | 9.885205 | | 9.921503 10.078496 9 
z | 9.806860 | 9.885100 | | 9 921760 | 10.078240 8 
53 | 9.807011 | 9.884994 | | 9.922017 | 10.077983 | 7 
54 | 9.807162 | 9.884889 | | 9.922274. | 10.077726 6 
55 | 9:897314 | 9.884783 | | 9.922530 10.077469 5 
56-| 9.807464 | 9.884677 | | 9.922787 | 10.077213 | 4 
57 9.807615 | 9.884572 9.923044 | 10.076956 
58 [9.807766 | 9.884466 | | 9.923300 | 10.076599 
59 | 9-807917 | 9.884360 | | 9.923557 10.070443 
60 | 9.808067 | 9.884254 |! 9.923813 10.076186 
| Co-ſine, | Sine. | Co-tang. | Tangent. | M 
Degree 50. 


| T be 7 able of Sines and 7 angents. 


wa. AMC. hc dt. a; 


Degree 40. 
M | Sine. | Co-fine. | | Tangent. | Co-tang. | 
o | 9.808067 | 9.884254 | | 9.923813 | 10.076186 | 60] 
1 | 9.808218 | 9.884148 | | 9.924070 | 10.075930 591 
2 | 9.808368 | 9.884042 | | 9.924327 | 10.075673 58], 
3 | 9.808519 | 9.883936 | 9.924583 | 10.075417 | 57 
49.808069 | 9.883829 | | 9.924839. 10.075 160 56]. 
5 9. 9.88819 | 9.883723 | | 9.925096 | 10.074904 | 55 
6 
7 
8 


1 


9.808969 | 9.883617 | | 9925352 | 19.074647 | 54] 
9.809119 | 9.883510 9.925609 | 10.074391 | 531 
9.809269 | 9.883404 9.925866 10.074135 | 52 
9 | 9.809419 | 9.883297] | 9.926121 | 10.073878 | 51] 
10 | 9.809569 | 9.883191 | 9.926378 10. 0 3622 50 


11 | 9.809718 | 9.883084 9.926634 | 10.073366 | 49 
12 | 9.809868 | 9.882977 332555 10.073110 48]. 
| 13 | 9.810017 9.882871 9927147 10.072853 471 

; 14 | 9.810166 | 9.882764 | | 9.927403 | 10.072597 | 46 
15 | 9.810316 | 9.882057 4 927059 10.072341 | 45 


16 | 9.810455 | 9.882550 | | 9.927915 10.072085 | 44 
17 | 9.810614 | 9.882443 9.928171 | 10.071829 43 
18 | 9.810763 | 9.882335 | | 9.928427 | 10.071573 | 42 
19 | 9.810912 | 9.882228 | | 9.928683 | 10,071317 | 41 
20 9.810061 | 9.882121 9.928940 | 10.07 1060 40 


21 | 9.811210 | 9:882014 | | 4 929196 | 10.070804 | 39 
22 | 9.811358 | 9.881907 | | 9.929452 | 10.070548 | 38 | 
23 | 9.811506 | 9.881799 9-929708 | 10,070292 | 37 
| 24 | 9.811655 | 9.881692 | - 929964 | 10.070036 | 36 
| 25 | 9.811804 | 9.881584. 9.930219 10.069781 | 35 


| 26 | 9.811952 | 9.881477 | | 9.930475 10.069525 34 
| 27 9.812100 | 9.881 369 9.930731 | 10.069269 | 33 
| 28 | 9.812248 | 9.881261 | | 9.930987 | 10.069013 | 32 
29 | 9.812396 | 9.881153 | | 9.931243 | 10.068757 | 31 
| 30 | 9.812544 | 9.881045 9.931499 | 10.068501 | 30 


| Co-fine. | Sine. | | Co-rang. | Tangent. | M 
1 Degree 49. 


ltd. 


The Table of Sines and Tangents. 


Degree 40. 


MI Sine. | Co-/fre. | | Tangent. | Co-tang. | 


30 | 9.812544 | 9.881045 | | 9.931499 | 10.068501 | 30 


| 
| 


Degree 49. 


1 


31 | 9.812692 | 9.880937 | | 9.931755 | 10.068245 | 29 
32 | 9.812840 | 9.880829 9.932010 | 10.067989 | 28 
33 | 9.812988 ] 9.880721 | |'9 932266 | 10.067734 | 27 
34 | 9.813135 9.880613 | | 9.932522 | 10.067478 | 26 
35 | 9.813283 | 9.880505 9.932778 10.067222 | 25 
36 | 9.813430 | 9.880397'| | 9.933033 | 10.066967 | 24 | 
37 | 9.813578 | 9.880289 9.933289 | 10.066711 | 23 
38 | 9.813725 | 9.880180 9.933545 | 10.066455 | 22 
39 | 9.813872 | 9.880072 9.933800 | 10.066200 | 21 
49 | 9814019 | 9.879963 | || 9.934956 | 10.065944 | 20 | 
41 | 9-814166 | 9.879855 | | 9.934311 | 10.005088 | 19 
42 | 9-814313 | 9.879740 | | 9.934567 | 10.065433 | 18 
43 | 9-314460 | 9.879637 | | 9.934822 | 10.065177 | 17 
44 | 9.814607 | 9.879529 | | 9.935078 | 10.064922 | 16 
45 | 9-814753 | 9.879420 | | 9.935333 | 10.064666 | 15 
46 | 9.814900 | 9.879311 9.935589 | 10.064411 | 14 
47 | 9.815046 | 9.879202 9.935844 | 10.064156 | 13 
48 | 9.815193 | 9.879093 | | 9.936100 10.063900 | 12 
49 | 9:-315339 | 9.878984 | | 9.936355 | 10.063645 | 11 
50 | 9.815485 | 9.878875 9.936610 10.063389 | 10 
51 | 9.815631 | 9.878766 9.936866 | 10.063134 | 9 
52 | 9.815777 | 9.878656 | | 9.937121 | 10.062879 | 8 
53 | 9-815923 | 9.878547 | | 9.937370 | 10.062623 | 7 
54 | 9.816069 | 9.878438 9.937032 | 10.062368 | 6 
55 | 9.816215 | 9.878328 9.937887 | 10.062113} 5 
56 | 9.816361 | 9.878219 9.938142 10.061858] 4 
57 | 9.816506 | 9.878109 | | 9.938397 | 10.061602 | 3 
58 | 9.816652 | 9.877999 9.938653 | 10.061347 | 2 
59 | 9.816797 | 9.877890 | | 9.938908 | 10.061092 | 1 
bo | 9.816943 | 9.877780 | | 9.939163 | 10.060837 © 
I Co-fre, | Sine. | | Co-targ. | Tangent. | M 


— — — c —— LE On —_—_— 


| 2 be 7 2 of Srnes + ail Tangents. n 


— — — 


T8 5 Degree 41. 
M | Sine. Co-fine. | | Tangent. | Co-rang. Ki 


o | 9.816943 | 9.877780 | | 9:939163 | 10.060837.1 60 


9.817088 * 9.87767 | 9.939418 10.060582 59 
9.817233 9.877560 | | 9:939073] 10.060327 | 58 
9.817378 | 9.877450] 9.939928 10:060072 85 
2 lt Þ 9.577340] 9.940183 10.059817 

9.917568 [ 9.877230] | 9:940438 | 10.059562 | 55 | 


07812 —.— 9.975528 19.959307 | 5 
9.81795 9:940948 | 10.059052 | 53 
9.818103 4 876899 9.941203 10.058797 | 52 
| 9.818247 | 9.876789 9.941458 [10.058542 51 
10 | 9:819392 9.876678 11 9:941713 1 10.058287 50 


11 } 9.818536 | 9.876568 9.941968 10.058032 | 49 
| 9.818681 | 9.876457 | | 9.942224 10.057777 | 48 

13 | 9.813825 | 9.876347] | 9.942478 | 10.057522 | 47 | 

14 | 9.818969 | 9.876236 9:942743 10:057267 | 46 

t5 | 9.819113 | 9.876125 | | 9.943988 | 10057012 | 45 


16 | 9.819257 | 9.876014 | | 9.943243 | 10.056757 | 44 
u7 | 981940! 925% 9.943498 10,0565 | 43 
9.819545 75793 | | 9 43752 | 10.056248 | 42 
19 | 9.819689 527500 | 9:944007 10.055993 | 41 
20 | 9.819832 | 9.875571 | | 9.944262 10.0738 


21 | 9.819976 | 9.873459 | | 9.944517 | 10.055483 37 
22 | 9.820119 | 9.875348 9.944771 | 10.055229 | 38 
23 | 9820263 | 9.875237 | | 9.945026 | 10.054974 | 37 
24 | 9.820406 | 9.875125 9.945281 | 10.054719 | 36 
25 | 9.820549 | 9.875014 | | 9.945535 | 10.054464 | 35 


26 | 9.820693 | 9.874903 | | 9.945790 10. 05421034 
27 | 9-820836 | 9.87479r | | 9.946045 | 10.053955 | 33 
28 | 9.820979 | 9.874679 | | 9.946299 | 10.053701 | 32. 
| 29 | 9821122 | 9.874568 | | 9.946554 | 10.053440 | 31, 
30 9.821264 9.874450 9.946808 | 10.053192 | 30 


I Co-fine. | Sine. | Co-tang. | Tangent. | M 
51 Degree 48. —— 2 


» 


OY ©w ia uo NN » 


— 


7 he Table of Sines and — 
—' Degree 41. 8 3 
M Sine. _ T Co-fine. | | Tangent. | Co-tang. 85 | 
39 | 9.821264. | 9.874456 | | 9-946808'| 1e. 053192 | 3: 2 
31 19.827457 9874344 | 9-947063 10.2937 
32 þ 9321550 | 9.874232 | | 9.947317 | 19.052082 
33 9.821692 | 9.874120 | | 9.947572 [10052428 
3419.821835 | 9.874068 | | 9.947826 | 10.052173 | 
35 9.821977 9.873896 1 . 9.948081 1 $4 | | 
36 | 9.822120 | 9.875784 | 9948335 | 19.051664 | 24 | 
29.822262 | 9.873672 | | 9.948 14. 10.051410 23 
35 9.822404 KA | 9.948844 | 10.051156 [ 22 
39982254 | 9.873447 | | 9-949099. 1.0500 | 21 þ 
40 9.822688 | 9.873335 | 9:949353 10.050647 | 20 
41 | 9822839 | 9.873223 | | 9.949607 |'10.050393 | 1 
42 | 9-322972 9.873110] | 91949862 || 10.050T38 | 1 
43 | 9823114 | 9.872998 | [9.988116 10.049884 | 17 
49.823255 | 9,872885; | | 9.950370 10. 0496 16 
45 | 9:823397 | 9872772 | | 9:950625 | 1.48428 15 
46 | 9.823538 | 9.872659 | | 9.950879 | 10:04grz1 | 14 
47 9823635 | 9872546 | 9.881733 | 10:048867'| 13 
48 | 9.823821 | 9:872434 | | 9.951388 | 10:048612'| 12 
49 | 9-823962 9.872321 | 9.95 20. 04835811 
5⁰ 9.824104 | 9-872208 U 2.8895 þ 1 10. 48104 | 10 
| 9.952150 10. 0478 g } 9 
- | 9252484 |, 10047598 | 7 
19.952659 | 10.047341 | 
0824667 987755 | 94952943 |, 10:042087| 6 
5 | 9-824808 | 9.871647 |_| 9.953167 : 10:046837] 5 þ 
| 9.824949 | 9.871548 19.9524 [10.046579 4 
9.825090 | 9.871414 þ | 9.953675 f 10:046325 | 3 
9.825230 | 9.871301 9.953929 10. 0460 2 
9.825.370 | 9.371187 | | 9.954183 10.458171 
9.825511 | 9.871073 | | 9954437 | 19-045562 | 0 
WY +I? Sine. 1 1 Co-tang, | Tangent. [| M 


— — 


— 48. 
(R] 


——— 6." — 
2 Be Table of Fer fand T, angents. 1 | 
|. Degree 42. N e T 
— — — 
M | Sine. Co-jine. | | Tangent. | Co-tang. 7 
0 | 9.825511 | 9.371073.] | 9.954437 004556 | 60] | 
17.829651 | 9.870460 | || 9954691 | 10:045308 59 
2 | 9.825791 | 9.870840 | | 9.954945 | 10.945054 | 5B | 
3 9.82593. 9870732; | 9.955199 | 19.044800 | 57 | 
4 | 9-320071 | 9.870018 | | 9.955453 | 19.044546 | 56 
15 1 9-829211 | 9.870504 | | 9.955707 | 194044292 | 55 | 
| © | 9826351 | 9.870390 | | 9.955961 [-10:044938 | 54 | 
7 | 9820491 | 9.870275 | |'9.956215 | 10.043784 | 53 | 
'8 | 9.826631 | 9.870161. 9.956460 10.643531 52 
99825770 9.87047 9.956723 16.643277 51 | 
9.82591 | 9.859933 | | 9.956977 [10.432350 
11 | 9-827049 | 9.869818 | | 9.957231 | 10:042769 | 49 | 
12 | 9827189 | 9.869704 | | 9.957485 | 10.042515 | 48 | 
13 | 9.327328 | 9.809589 | | 9.957739 | 10.042261 | 47 | 
125 9.827467 | 9.869474 | | 9:957993 | 10.042007 46. 
15 | 9.827606 9.869360 9.958246 | 10.041753 45] 
$01 9:327745 9.869245 | | 9.958500 | 10.041500 | 44 
18 9.827884 9.869130 | | 9.958754 | 10.041246 43 
18 9.828023 9.869015 9.959008 | 10.040992 | 42 
19 9,828162 | 9.868900 | 9.959262 | 10. 040738 | 41 
20/1 9.848301 | 9868785 | | 9959515 | 10040485 | 40) 
21 |,9.828439 |. 9.868670 9-959709 10040231 39 
22 | 9.928578 | 9.808555 | | 9.960023 | 10.039977 | 38 
23 |,9:328716 | 9.868439 | | 9.960277 | 10.039723 | 37 
24 | 9.828855 | 9.868324 | | 9.960530 | 10.039469 | 36 
25 9.828993 | 9.868209 | | 9.960784 | 10.039216 | 35 
269.8291 9.868093 | 9.961038] 10.038962 34 | 
27 F445 9.807978 | 9-961291 | 10.038608 33 
28 | 9.829407 9.867862 | 9.961545 | 10.038455 | 32 
29 | 9.829545 | 9.367747 | | 9.961799 | 10.038201 | 31 
30 9.829683 [.9.867631 | | 9.962052 | 10.037947 | 30 
| Co-fire. | Sine. * Co-targ. 2 Ta * 
3 Degree 47+ | 8 | 
2 == 4 


The-Table of Sines and Tagen "— 

25 e . | f 
MI Sine.  Co-fine.” | | Tangent. | Co-rang. | | | 
30 | 9.829683 | 9.867631, | | 9.962052 | 10.037947 30 

| 3" | 9-829821 | 9.8675i5 19.962306 10.037694 29 
32 9.829969 9.857299 9.952560 | 10.037440 | 28 
| 33: |. 9-830096 | 9.867283 | | 9.962813 | 10. 037187 | 27 
'34 | 9:830234 | 9.867167 9963067 10.036933 | 26 
35 9.830372 | 9.867051 | | 9:y63320 | 10.036680 25 
3609.830800 | 9.866935 | 553877 105536425 24 
37 9.83064 | 9866819 | ' 9.963827 10.036173 — 
38 9.830784 9.866703 | | 9.964081 | 10.035919 22 
39 9.830921 9:866586 2.54338 10.035665 21 
40 9.831058 | 9.866470 | | 9.964588 | 10. 93542 20 
41) | 9383x195 | 9.800353 | | 9:904842 10.035158 | 19 
42 9.831332 | 9.866237 } | 9.965095 | 10.034905 | 18 
43 | 9:831469 | 9.866120 9.965348 | 10.034652 +. 
44 9.831606 9.866004 | | 9.965602 | 10.034398 | 16 
45 | 9:831742 | 9.865887 | | 9.965855 | 10.034144 | is 
46 | 9.831879 | 9.865770 | | 9.966109 | 10:033891| 14 
47 | 9:832015 | 9.865653 9.966362 10. 033638 | 13 
48 þ 9.832152 | 9.865536 9.966616 | 10.033384 | 12 
49 | 9:832288 | 9.865419 9.966869 | 10.033131 | 11 
50 | 9.832425 | 9.865302 | | 9.967122 | 10.032878 [| 10 
51 832561 | 9.865185 9.967376 | 10.032624 | 9 
1 38 9.865068 9.907629 10.032371 8 
53 9.832833 9.864950 | | 9.967883 10.3217 7 
54 | 9.832969 | 9.864833 | | 9.968136 | 10.031864 | 6 
55 | 9.833105 9.864716 9.998389 10.031611 wy 
| 56 | 9.833241 | 9.864598 | 9.968643 | 10.031357 | 4 
ll . 9.864480 9.95889 10.031104 3 
58 | 9.833512 | 9.804363 9.969149 10.030851 | 2 
59 | 9.833948 9.864245 9.969403 10.030597 f Ix 
60 | 9.833783 } 9.804127 | 9.969656 | 10.030344 | „ 
| Gee | Sine. | | Greg: — 

p ee 1 — — Degree 47. _ as g 


* 


* 323 —— —ů 


(R 24 


e Table of Sines and Tangents. 


Degree 43. 


CCI 1 


M | Sine. 


| Cofe, | | Tangent, | Garg. | 


| 983478 | 9.864727 | | 9.969656 | t0:030344 | '60 


1 | 9.833919 | 9864010 | | 9.969909 | 10:030091 | 5 
29.834054 419. 2 9.970162 01029838 ＋ 
3 | 9.834139 | 9.38637 9:9704r6 | 10:029584 | 57 
4 9834324 9:863656 | 9.970669 t0:029331 | 56 
| 5 | 9.834460 | 9.863537 | | 9970922 | rowngers | 55 
5 99854555 9.863419 | | 9.991475 | 1% 28825 54 
| 7/1-9:834730 | 9.863301 | | 9.971428 | 10028571 | 55 
[ 8 9.557055 9.863183 | | 9:971682 | 10.028318 | 52 
1949.834999 9. 8 0c 9.97 1 10.865 51 
109835134 9.86294 9.972188 | 10027872 | '50 
11] | 9:835269 | 9.862827 | | 9.972441 | 0.027559 | 49 
12 | 9.835403 | 9.862709 | | 9972694 | 0027306 | 45 
13 | 6.835538 | 9.862590 | | 9:972948 | 10047052 | 47 
| 14 | 9835672 | 9.862471 | | 9:973201 | 16046799 46 
[254 9935366 - 9:862353 | | 9:973454 | 105026546 | 45 
16 | 9.835941 | 9.862244 | | 9.973707 | r0:046293 | 44 
17 | 9.836075 8 9973960 | t0:0460q0 | 4 
18 | 9.835209 | 9.861, 9:974275 | 16025787 | 4 
19 | 9.836343 98613877 | | 9:974466 | 107025533 [41 
20 | 9.836477 | 9:861757 | | 9:974779 | to1025280 | 40 
21 9.836611 | 9.861638 9.974973 | 10.025027 | 39 
22 | 9.836745 | 9-861519 | | 9.975226 | 10024774 | 38 
23 | 9.836878 | 9.861399 | | 9:975479 | 10924521 | 37 
24 9.837012 9861280 | | 9:975732 | 10024268 | 36 
25 1-9-837446].9.86rr61 | | 9:975985 | 10:024015 | 35 
26 | 9:837273 9.861041 9:976238 | 10.023762 | 34 
27 | 6837412 | 9.860921 | | 9.970491 | 105023505 | 33 
28 9.837 9.860802 | | 9.996744 | 10:023250 | 32 
29 927701 9.860682 | 9.976997 | 10.023003 | 31 
304-9-837812 1 9.860562 | | 9.977250 ] 30: 8 30 
Le. Sine. 1 Co-tang. ] Tange 


3 | 


* ara ” 2 OI IR 
= * 66 


"The Tabloof Sines and Tangent. 1 


» 2 


. Degree 43 
m nt——des 

MI Sine. | Cf. | | Tangent. | Cen . 
30 | 9837812 | 9.860562 | | 9.977250] 10. 022750 | 30 


37 9.837945 J 9.860442 | | 9.977503 10.022497 
3: | 606678 Set: 87e race 
33 9.838211 9.860202 9.7809 10.021991 
34 | 9.838344 9.860082 9.978262 10.021738 
2519.838477 J 9.859962 9.978515 10.021486 


36 J 9.838609 | 2275777 9.978768 rooraga 1 
37 2 717 2.888851 9.97901 10. | 
38 | 9838875 | 9:85g601'| 9.979274 10.020726 
L | 9:859480 | | 9.979527'| 10.020473 | 

40. EN] (9.859360 | | 9:979780'| 10:020220 | 


19.839272 9.858259 f 9.98003 r0:0t9967-| - 
42 9.839404 9.859119] 9.980285 10:019714 | 4 
43 1 9-839536 9.858998 | 9.980538'| 10.019461 || 4 
49.839568 9.858877 | 9.980791 10.019209 1 
45 9.839800 | 9.858756 | | 9.981044 | 2 


— 


469.8539932 9:858635 [ 4 9:991297 703 | 

9.840064 | 9.858514 | | 9.981550 | r0.018450 | 4 
| 4 9.840196 9.858393 | 9.981803 | 10.018197 || 1: 
4.49 9.840428 | 9.858272 9.982056 10.017944 1 
4.242. 21 || | 9.982309 | 10.017691 || - 


51 9.840591 9:858029 1 OD ff aac, | 
| 52] 9-$49722 9.85790 9.982814. | 10.0171 850 | 
453 9.840854 9857785 9.983067 10.016933 
54940985 9.857665 | | 9.983320 10.016680 
55/1 9841116 | 9.857543 | | 9.983573 | 10016427 


— 


56 9.341247 | 9.857421 [9.983826 10.1617. 

57 9.841378 | 9.857300 9:984079 | 10. 01759 
58 | 9-841599 | 9-857178 | | 9.984331 10.015568 
bo 9.341040 — —. 9.984584 | 10.01 546 
cou ES 9.356934 ; | 9.984837 | 10015163 | 


— 


| 4 


The Table. — Sines and | Tangents. 


2 5 Degree 14. | 
M {| Sine. I Tangent. I "Gang | + 
© IF 9. 841771 | 9.856934|| | 9.984837-| r0:015162 | Go 
I | 9. 841902 9.8868 12 9.985090 10.014910 59 
2 9.842033 9.856690 9.985343 10.147 58 
39.842163 9.856568 9.985595 10.614404 57 
4 9812794 9.856445 | 9.985848 r0:o14t5t 56 
5 | 9.842424 | 9.856323 9.588707 |'10.0t 3899 | 55 
6 | 9.842555 9.856201] | 9.986354 | 10.013646 | 54 
7 | 9.842685 | 9.856078 |. | 9.986607 10.013393 | 53, 
8 | 9.842815 9.355950 | 9.98685 10:013140 | 52 
9 9842945 9.855833 285736 10.012888 | 51, 
10 | 9.843076 |.9.855710 | | 9.987365 | 10.012635 | 50; 
11 | 9.843206 | 9. 855588 ] 9.987618 | 10.012382 | 49 
129.8433369. 355465 | 9.987871 | 10.012129 | 48 
13 | 9:843465 | 9. 35 $342 9.988123 10.011877 47 
14 9.843595 9.855219] | 9.9883 6 | 10.011624 46 
151984725 9.857096. | 9.988629 | 1,1137145 
416 9.84385 5 2.354275 4 9.988882 10.011118 44 
17 9.843984 9.354850 | | 9.989134 | 10. 01086643 
— 9844114 9.854727 | | 9.989387 10.010613 42 
119 9.844243 9.854603 9.989040 10. 010360 | 41, 
20 | 9.844372 9.854486 | 9 989893. 10. 01010% | 40 
21 | 9-844502 | 9.854350 | | 9.990145 | 10:009855 |'39 | 
422 | 9-844631 | 9.854233 | | 9-990398 | to.00g602 | 38 | 
23 | 9.844760 | 9.854109 | | 9.99065t | 10.009349 | 37 
þ24 | 9-844889 | 9.853986 | | 9.990903 | 10.009096 | 36 
25 9.845018 9.85 3862 9.991156 10.008844 | 35 
26 | 9845147 | 9.853738 | | 9.991409 | 10.008598 | 34 
+27 |-9-845276 | 9.853014 | | 9.991662 | 10.008331 | 33 
423 9.848454 9.853490 [9.991914 | 10.008086 | 32 
1299. 848885 9.85 3366 | 9.992167 | 10. 0783331 
| 30 9.845662 | 9.853242 9.992420 | 10.007580 | 39 | 
ne. dine. _ | _ Co-tang, | Tangent. | M 
1 — Degree 45. 3 . | 


The 7. able of Sines and J. angents. i 


Degree 44. 

M | Sine. | Co. ne.] Tangent. Cos tang. 
242.852 9.853242 | | 9-992420 | 10.007580 | 3” 
3 9-845790 9.853118 | | 9.992672 | 10.007328 29 
32 | 9-845919 | 9.852994 | [9.992925 10.007075 | 28 
33 | 9x8 546047 9.852869 9.993178 | 10.006822 | 27 
34 | 9-840175 | 9.852745 | | 9.993439 | 10.006569 | 26: 
35 | 9-846304 | 9.852620 9.993083 10.006317 25} 
| 30 | 9.840432 | 9.852490 | | 9.993936 | 10.006064 | 24 
37 | 9.846560 | 9.852371 9.994189 | 10.006811 23 
, 38 | 9.846688 | 9.852246 9.994441 | 10.005559 | 22 
39 | 9.846816 | 9.852122 9.994094 | 10.005 306 | 21 | 
40 | 9.846944 | 9.851997 9.994947 | 10.005053 | 20 
41 | 9.847071 | 9.851872 | | 9.995499 | 10.004801 19 
42 | 9.847199 | 9.851747 9-995452 | 10.004548 | 18 
43 | 9.847327 | 9.851622 9.995705 | 10.004295 | 17 
44 | 9-847454 | 9.851497 | | 9-995957 | 10.004043 | 16. 
45 9.847582 | 9.851372 9.996210 | 10.003790 | 1g 
46 | 9.847709 | 9.851246 | | 9.996463 | 10.003537 | 14| 
47 | 9.847836 | 9.851121 9.999715 | 10,003285 | 13 
43 | 9.847904 | 9.850996 | | 9.996968 | 10.003032 | 12 
49 | 9.848091 | 9.850870 | | 9.997220 | 10.002779 | 11. 
[52 9.848218 | 9.850745 9.997473 | 10.002527 | 10] 
51 | 9.848345 | 9.850019 | | 9.997726 | 10.002274 | 9 
Þ 52 | 9:848472 | 9.850493 9-997979 | 10.002021 | 5. 
53 9.848509 | 9.850367 | | 9.998231 | 10.001769 | 7 
54 | 9.848726 | 9.850242 | | 9.998484 | 10.001516 6 
55 9.848852 9.850116 9.998737 | 10. co 5 
. 56 9.848979 9.849900 | 9.998989 | 10.001011 | 4 
u 57 9.849106. 9.849864 9.999242 | 10.001758 | 3 
58 | 9.849232 9-849737 94999495 | 10.000505 | 2 
| 59 | 9.849359 | 9.849611 | | 9.999747 | 19.000253 | 1 
| bo | 9.849485 | 9.849485 | | 10.000000 | 10.000000 | © 
| | Co-fire. | Sine. | | Co-tang. | Tangent. | If 


r 
- 


Degree 45. 


*%- ih * + * 


